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Abstract 
"The Use of Geographical Information System (GIS) for Inventory and 
Assessment of Natural Landslides in 
Hong Kong" 
Thesis submitted by WONG, Tammy Tak-yee for the degree of Master of 
Philosophy at the Chinese University of Hong Kong in June 1995 
The primary focus is the design of a Geographical Information System 
(GIS) to facilitate inventory and assessment of natural landslides in Hong 
Kong. This project is a prototype for the Geotechnical Engineering Office 
(GEO) to develop a landslide GIS for the territory of Hong Kong. More than 
60 natural landslides were observed to have occurred due to a single 
rainstorm on September 26，1993 in Dog Hill area and Hok Tau Reservoir 
area. 
Specific objectives of the research are as follows: 
(1) compile a GIS database to facilitate the analysis of spatial distribution of 
sites affected by landslide paths; 
(2) construct a landslide database to facilitate data updating, effective retrieval 
and queries made by end-users; 
, � examine the topographic characteristics of landslide sites and to identify 
terrain variables that are significantly correlated with the distribution of 
landslide sites. A statistical model is thus derived; and 
i • 
(4) establish which slopes are most at risk based on past incidence in the 
study area. 
The database is composed of two parts. The landslide distribution 
coverage combined with relational tables containing detailed survey 
information such as terrain variables, vegetation, geology, materials, etc. The 
second set of data contains input maps for prediction of relative landslide _ 
susceptibility, they are Geotechnical Engineering Office's (GEO) Terrain 
Classification, World Wide Fund's (WWF) Vegetation Database and a Digital 
Elevation Model (DEM) constructed with 10 m contours. 
Random sampling is carried out in the GIS environment. Statistical 
analyses are applied to the data set - GEO Terrain Classification, WWF 
Ecological database and the DEM of the two study sites in order to map the 
distribution of various classes landslide probability in 10 m pixel grid squares 
resolution. Aspect, gradient, terrain component, erosion status, and 
vegetation are found to be related to SLIP (a dichotomous variable recording 
whether landslide has occurred due to the rainstorm event). On the other 
hand, only aspect and vegetation are found to be statistically significant at 
95% confidence level in the logistic regression model. The overall predictive 
power of the regression model is 73.60%. The resulting probability maps are . 
tested against the original sample points. Only slightly more than half of the 
unstable points are properly classified as unstable in the two study areas. 
88.5% of the stable points are correctly classified in Hok Tau Reservoir area. 
ii 
67.1% correctly classified in Dog Hill area. It is found that the model is more 
capable of suggesting stable areas which are safe from landslides. 
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Landslides are among the most important processes of a catastrophic 
type that lead to modification of surface morphology. They are defined as _ 
'abrupt, short-lived geomorphic events that constitute the rapid motion end of 
the mass movement spectrum' (Coates, 1977，p. 4). Other terms used to 
denote this process are 'landslip' and 'mass wasting'. They include 
displacement of slopes forming earth material by fall, topple, slide or flow due 
to gravity (Varnes, 1978). Landsliding is a process resulting from diverse 
factors, which are broadly classified as: (a) the geomorphic setting and 
environment; (b) the internal properties of the earth materials; and (c) 
independent external factors such as rainfalls, earthquakes and human 
activities (Selby, 1982). 
Hong Kong is characterized by one of the highest population densities 
in the world with a significant proportion of population living on or beneath 
steep slopes. Another well known feature in the territory is the tendency for 
heavy seasonal rainfall. Combined with steep, rugged slopes, landslides 
occur. This has potentially disastrous consequences for people living on • 
these slopes. Figure 1.1 illustrates the number of landslide incidents reported 
to Geotechnical Engineering Office (GEO) during 1984-1992. There were 






















































































































rainfall recorded were exceptionally high and intense with an annual rainfall 
21% higher than average, causing a large number of landslides. Three 
Landslide Warnings were issued during the heavy rainstorms of May 8，June 
13-14, and July 18 when much of the landslides in the year occurred. 641 
landslide incidents were reported to GEO District Divisions. The incidents 
caused six injuries and three fatalities. Other damage resulting from the 
incidents include evacuation of 263 squatter huts (53 temporarily and 210 _ 
permanently), temporarily evacuation of twelve buildings and the blockage of 
181 sections of roads and pavements (Tang, 1992c). 
An important phenomenon of landslide occurrence in Hong Kong is 
that a single rainstorm is able to trigger a large number of slope failures. 
More than six hundred slope failures were initiated by a severe storm in 
November 1993 on the steep terrains in the Lantau Island in Hong Kong 
which are potentially vulnerable to landsliding (personal communication with 
Mr. Jonathan King). 
There are two types of landslides in Hong Kong, the natural failure 
ones and the man-induced failures. Natural landslides are the ones whose 
factors directly causing them are purely natural and which occur on natural 
slopes unaffected by man. On the other hand, man's modification of the 
environment such as the construction of cut and fill platforms for development 
purposes are the key factors causing the landslides, and they lead to failures • 
of cuttings, fills and natural slopes where the landslides system has been 
significantly affected by man. 
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The lack of readily available flat land, combined with hilly terrain and 
high seasonal rainfall call for effective land use planning in which terrain 
stability conditions are crucial. It is with this intention that the Geotechnical 
Control Office (GCO) of Hong Kong initiated the Geotechnical Area Studies 
Programme (GASP) in September 1978 which provides information for land 
use planning and management purposes. This program aims at: first, to offer 
a systematic terrain evaluation map for the whole territory gt 1:20,000 -
(regional studies); second, to enable important or strategic areas to be 
evaluated at 1:2,500 (district studies). The entire territory of Hong Kong is 
covered by eleven regional studies (Burnett et a/.，1985). Several 
conventional line maps are available for the Regional GASP Report. Terrain 
Classification Map is the basic data from which several other maps are 
derived and it records the general nature of geological materials {in situ, 
colluvial, alluvial, others), slope angle, terrain component, erosion and 
instability. The map is produced by aerial photograph interpretation and field 
work. 
A District Study is done in Fei Ngo Shan Geotechnical Area Study 
(1:2500) to provide a landslide inventory. Terrain Classificaton Map is used to 
locate and extract single- or multi-attribute combinations in order to examine 
terrain characteristics in the study area. Landslide Propensity and Area 
Instability Index are the two numerical parameters in the District Study as an • 
aid to landslide studies. Landslide Propensity records the number of well-
defined landslides per hectare within the study area. Area Instability Index 
registers the proportion of the study area which is affteced by 'instability'. The 
4 
District Study investigates how instability relates to a number of parameters 
using conventional methods of manual map overlay. 
The Geotechnical Engineering Office (GEO), formerly called 
Geotechnical Control Office (GCO) publishes annual rainfall-landslide reports. 
However, this report reviews rainfall and landslides occurrence on an annual 
basis rather than emphasising any one specific rainstorm. These information 
has been compiled from many sources throughout the government and the -
report fully documents the work done by the GEO in dealing with the landslide 
incidents (Tang, 1992a). 
The work undertaken by GEO is not carried out in a Geographical 
Information System (GIS) environment. GIS is thus proposed in this study. It 
allows the analyses of complex combination of factors leading to slope 
stability. It is especially convenient in cases where the causal mechanisms of 
slope failures are unknown or not fully understood. The user can test different 
hypotheses rapidly, so as to select the most important combinations of factors 
in search for a best-fit model. Quantitative weighting values derived from 
statistical models could be mapped for the target area. 
1.2 Research Questions 
Although a number of factors contribute to the development of natural 
landslides, only the terrain control and environmental variables on the spatial • 
distribution of landslides are the focuses of this study. The two study sites, 
located in the northern part of the Hong Kong territory, each covers about 1.5 
km^. The first site is located to the west of Pat Sin Leng, with Hok Tau 
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Reservoir nearby. The second site is in Dog Hill, situated between Sha Tau 
Kok and Fanling. 
Natural landslide activity is found to be correlated with a number of 
terrain and environmental variables such as slope gradient, orientation, 
elevation, terrain curvatures, erosion status, vegetation cover and geological 
materials. GIS allows the storage and manipulation of multi-data sets 
referenced to the Hong Kong Metric Grid and comparisons of different maps -
at the same locations. The system, with its map overlaying functionality and 
calculation facilities, enables the interaction between landslips and 
environmental and terrain variables to be investigated. 
Precipitation is an important factor which has a significant bearing on 
landslide activity. However, due to insufficient records (for example, there are 
only three automatic raingauges in the GASP V North New Territories area) 
and the variable nature of subtropical precipitation, it is not possible to make 
grid maps of rainfall distribution for use as an additional source of information 
in any analysis. Although the influence of precipitation on slope stability is 
undisputed, the effect of precipitation must nevertheless be assumed to be 
spatially uniform throughout any study. 
The main purpose of the proposed study is to develop a general 
methodology in GIS to perform inventory and assessment of natural 
landslides in Hong Kong. Specific objectives of the research are as follows: • 
(1) compile a GIS database to facilitate the analysis of spatial distribution of 
sites affected by landslide paths; 
-•< 
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(2) construct a landslide database to facilitate data updating, effective retrieval 
and queries made by end-users; 
(3) examine the topographic characteristics of landslide sites and to identify 
terrain variables that are significantly correlated with the distribution of 
landslide sites. A statistical model is thus derived; and 
(4) establish which slopes are most at risk based on past incidence in the 
study area. -
1.3 Study Significance 
This study is the first of its kind GIS inventory of storm-based natural 
slope landslides in Hong Kong. The identification of unstable slopes is a 
useful piece of information for geotechnical engineers and benefits proper 
slope management and conservation. Since a large part of Hong Kong has 
similar underlying geology as in the study area (Repulse Bay Formation, acid 
volcanic rocks with sedimentary intercalations), the results could be 
extrapolated to other slopes in Hong Kong, thus profits territory-wise landslide 
hazard assessment. 
The mapping of landsliding potential or probability in this study is a 
breakthrough of the traditional methods. Traditionally, the environmental and 
topographic settings conducive to landsliding are determined only by 
examining the conditions of the actual number of landslide occurred. The • 
environmental and topographic conditions at the rest of the 'undisturbed' or 
'stable' locations are not taken into consideration resulting in a somewhat 
biased attention to the 'disturbed' or 'unstable' sites. Such a prejudiced 
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attention, often caused by the lack of information about the terrain in general, 
apparently neglect a wealth of reality information. This wealth of information 
of the 'stable' sites, in addition to the 'disturbed' sites, are taken into 
consideration in model proposed in this study. This is feasible owing to the 
functionality of a GIS to store different environmental and terrain databases. 
Many of the environmental databases in Hong Kong are of a nominal 
and ordinal scale. Logistic regression model is proposed in this study to -
predict landslip will or will not occur as well as identifying the variables 
effective in making the prediction. The dependent variable (slip versus no-
slip) in the such regression method is of dichotomous nature, which perfectly 
suits the nature of the parameters stored in the database. Most of the 
environmental variables collected in the database is nominal in nature. The 
landsliding potential or probability is estimated in the model. 
1.4 Organization of the Thesis 
Chapter I presents the introduction, research questions and study 
significance of the project proposed. The rest of the thesis is organized into 
five chapters. 
In Chapter II, various aspects of landslide studies are discussed. 
Firstly, the nature of landslides is presented. Secondly, various data sources 
for landslide studies are outlined. Thirdly, landslides studies in Hong Kong ， 
are reviewed. Lastly, there is a discussion on the GIS applications in 
landslide studies. 
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Chapter III provides a detailed account of the climatic, geological, 
geomorphological, erosional and vegetation aspects of the two study sites. 
Chapter IV concerns the construction and manipulation of database in 
this study. The five sections are data collection, data input and conversion, 
data editing, database construction, and pre-analysis data preparation and 
manipulation. 
Chapter V outlined the procedures involved and the results of the -
statistical analysis of landslide distribution. 
Chapter VI’ as a concluding chapter, outlined the summary of the 
findings in the thesis. Then, a section on the limitations of the study follows. 






In this chapter, literature will be reviewed in various aspects related to 
this study. The four main sections are the nature of landslides, data sources -
for landslide studies, landslide studies in Hong Kong and the application of 
GIS in landslide studies. The classification of landslides, morphology and 
characteristics of landslides and their causes are discussed in section 2.2. 
Different data sources for landslides studies such as aerial photo 
interpretation, remote sensing, field survey and subsurface investigation are 
reviewed in section 2.3. Thirdly, landslide studies in Hong Kong will be 
examined. Lastly, the various aspects of GIS applications in landslide studies 
such as data requirements, TIN as a surface modelling tool, inventory, 
landslide hazard assessment, statistical modelling and 3-D modelling will then 
be discussed. 
2.2 Nature of Landslides 
2.2.1 Landslide Classification 
The fact that the investigation of landslides involving a number of • 
disciplines - geology, geomorphology and geotechnical engineering - has 
given rise to a great number of classification systems. Landslides have been 
classified in terms of: 
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- the morphology of failure surface and deposited material; 
- the way in which the movement occurs; 
-agents responsible for movement; 
- the rate of movement; 
- the type of movement; 
- the type and size of material moved; 
- the degree of disruption of the displaced mass; -
- c o n t e n t ; 
-underlying geology; 
- the age of the failure; and 
-different combinations of the above factors (Hansen, M.J., 1984; Walker, et 
a/.’ 1987). 
Numerous landslide classificatons already exist in the literature. As 
Crozier(1986) put it, 
The proliferation of classifications in recent years...has unintentionally 
defeated one of the principal purposes of the exercise; that is, the provision of 
clear and unambiguous terminology, (p. 14) 
Hutchinson (1968) suggests that given the complexity of slope 
movements, rigorous classification of landslides seems impossible. Yatsu 
(1967) goes even further with these thoughts, wondering whether a 
complicated classification is of any practical use, since landslides form a 
continuum and there are an infinite number of ways of dividing a continuum. • 
Hansen (1984) reviewed and compared nine commonly used classifications 
each recommended by a different author (Blong, 1973; Coates, 1977; Crozier, 
1973; Hutchinson, 1968; Varnes, 1978; Zaruba and Mend, 1969). He 
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examined the main factors separating types at the primary level of 
classification. 
2.2.2 Morphometry of Landslides 
The morphometry, or the dimensions of landslides are needed for 
quantitative studies of the stability of slopes. Morphological studies require 
the precise meaning of each measurement of the morphology of landslide -
features. Hansen, M.J. (1984) summarizes the important features of 
landslides along with some of their most commonly measured dimensions 
(Figure 2.1). Head, foot and toe of displaced material are important features 
in describing landslides. 'Head scarp' sometimes replaces 'main scarp' in 
other terminologies. Brunsden (1973), Crozier (1973) and Blong (1973) give 
different definitions of these terms in landslide morphology. Figure 2.2 and 
Table 2.1 show the list of morphometric definitions developed by Brunsden 
(1973). In his discussion, he also stresses the problems involved in 
establishing statistical relationships between the variables which describe 
mass movement systems. 
The ratio between the depth and length of landslides (D/L) has been 
used as a means of interpreting the processes which gave rise to a scar. D 
is the maximum thickness of the landslide and L is the maximum length in the 
direction of maximum slope (Skempton and Hutchinson, 1969). They provide • 
a range of D/L ratio of 0.15-0.33 for rotational slides in clay and shale, <0.1 for 
slides occurring in weathered or colluvial material on clayey slopes. 
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Table 2.1 Morphometric definitions for landslides (Brunsden, 1973, p.22) 
Hillslope 
Slope length (L,)—Length of the hillslope from divide to river channel (metres) 
Slope height (H,)—Vertical height between the heights of the divide and of the stream 
(metres) 
Horizontal extent of slope (//£,)—Plan distance of the slope from divide to stream 
(metres) 
Slope angle (mean) (5,)—Mean slope angle from divide to stream (degrees); approx-
imately measured by //,///£, as tangent 
Mass movement 
Maximum length (Lm)—Maximum length of the failed mass from crown to foot 
(metres) _ 
Maximum width (ffm)—Maximum width of the failed mass from the left flank to the 
right flank boundary (metres) 
Maximum depth (An)—Maximum depth of the failed mass from the surface of the 
slide to the failure surface (metres) 
Scar width (Pf,)—Width of the scar at the head of the failed mass (metres) 
Scar depth (D,)—Length of the line which bisects the scar width and measured from 
the scar width position to the scar head (metres) 
Scar radius (i?,)—Radius of the circle which 'best fits' the scar shape (metres) 
Horizontal equivalent of failed mass (//£„)—Plan distance from the crown of the scar 
to the foot of the failed mass (metres) 
Vertical intervaJ of the failed mass ( K/m)—Vertical height between the crown and【he 
foot of the failed mass (metres) 
(Note—The HE and K/measurements may also be obtained for the scar (//£",c, Vhc) 
Radius of the circle of failure (/Jr)—Radius of the circle which fits the failure surface 
(metres); applies only to rotational slides 
Length of failure surface (If)—Length of the failure surface measured along that sur-
face from the crown to the foot of the failed mass (metres) 
Perimeter length (P)—Length of the perimeter or failure boundary (metres) 
Area of mass movement (/I)—Surface area of the failed mass in plan (m^) 
Volume of slide (K)—Volume of the failed mass above the failure surface (m】） 
Failure angle Slope angle at which failure takes place (degrees) 
Repose angle (5r)—Slope at which the failed mass comes to rest (degrees) 
Slope position (5p)—Position of the slope failure on the hillslope measured from the 
stream channel to the foot of the failed area 
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Crozier (1973) proposed six different morphometric indices namely, 
dilation index, flowage index, displacement index, viscous flow index, tenuity 
index and a fluidity index. In general, he has demonstrated that the ratios 
could be used to indicate the dominant process responsible for a particular 
landslide effectively. Values of the ratio increase from flows, through slides, 
to slumps. He classified sixty-six landslides using D/L ratio in New Zealand 
into five groups. Each of the five type of landslides are statistically different at “ 
the 99% confidence level. 
The D/L ratio, however, is not applicable in all conditions. In some 
landslide units where the depositional section of the landslide has been 
eroded, the assessment of the overall length of the displacement could then 
be difficult (Hansen, M.J., 1984). Studies (Blong, 1973) have found that the 
simple morphometric indices are not of value for distinguishing the types of 
processes, as similar ratios may be associated with widely differing behavior 
among failures. As a result, it is advisable to study all available evidence 
before categorizing a landslide. 
2.2.3 Factors Affecting Landslide Occurrence 
This section examines previous works that attempts to establish 
predictive relationships between landslide occurrence and various other 
factors. Three groups of parameters are considered to be important for the 
occurrence of mass movements namely, i) climatic factors, ii) 
geomorphological environment，and iii) internal properties of the soil materials. 
It is important to differentiate the physical characteristics of a site that make 
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landslides possible and the actual cause (triggering mechanisms) which 
initiates the movement (Cooke and Doornkamp, 1974). 
A general rule pointed out by Cooke and Doornkamp (1974) is that 
landslides occur because the forces creating movement (shear stress) exceed 
those resisting it (shear strength). The shear strength is the maximum 
available resistance that soil has to movement induced by shear stress. It is 
the function of the friction at grain-to-grain contact, which is related to the -
amount of grain interlocking. 
Lists of factors contributing to the shear stress and shear strengths 
within the materials are identified by Brunsden (1979), Terzaghi (1950) and 
Varnes (1978). Hansen (1984) brought together a summary of factors 
resulting in changes in internal and external stability conditions. All slides 
involve the failure of earth materials under shear stress. Varnes (1978) did a 
substantial review on the factors that contribute to increased shear stress and 
factors that contribute to low or reduced shear strength. The stability of a 
slope can be defined by a safety factor: 
E forces resisting slope failure 
Fs = 
I disturbing forces 
It is important to distinguish factors that contribute to increasing shear stress 
(disturbing forces) (Table 2.2) from those that promote low shear strengths 
within the materials (resisting forces) (Table 2.3). 
The distribution of landslides are influenced by a wide variety of factors 
and their interactions. Seldom, if ever, can a landslide be attributed to a 
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Table 2.2 Factors leading to an increase in shear stress (Cooke and 
Doornkamp, 1974’ p.131) 
1. Removal of lateral or underlying support . . 
—undercutting by water (e.g. river, waves), or glacier ice 
—weathering of weaker strata at the toe of the slope 
—washing out of granular material by seepage erosion . 
—man-made cuts and excavations, draining of lakes or reservoirs 
2. Increased disturbing forces 
—natural accumulations of water, snow talus 
—man-made pressures (e.g. stock-piles of ore, tip-heaps, rubbish dumps, or 
buildings) 
3. Transitory earth stresses 
~earthquakes 一 
—continual passing of heavy traffic 
4. Increased internal pressure . • • 」 ， -n • 丄 ‘ • 
—build up of pore-water pressures (e.g. in joints and cracks, especially m the tension 
crack zone at the rear of the slide). 
Table 2.3 Factors leading to a decrease in shearing resistance (Cooke and 
Doornkamp, 1974. p.131) ‘ 
1. M巴Cbf^ lsS which decrease in shear strength if water content increases (clays, shale, mica, 
schist, talc, serpentine) (e.g. when local water table is artificially increased in 
height by reservoir construction, or as a result of stress release (vertical and/or 
horizontal) following slope formation . 、 
—low internal cohesion (e.g. consolidated clays, sands, porous organic matter) 
—in bedrock: faults, bedding planes, joints, foliation in schists, cleavage, brecciated 
zones, and pre-existing shears 
2. Weathering changes . , , , , 
—weathering reduces effective cohesion (c), and to a lesser extent the angle of 
shearing resistance (</>') . . . . . , , , . , , 
—absorption of water leading to changes in the fabric of clays (e.g. loss of bonds 
between particles or the formation of fissures) 
3. Pore-water pressure increase . • • . . . 
一higher groundwater table as a result of increased precipitation or as a result of 
human interference (e.g. dam construction) (see 1 above) 
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single definite cause (Varnes, 1978). The complex nature of the underlying 
and triggering mechanisms of landslide system is best put together by Sowers 
and Sowers (1970), 
In most cases a number of causes exist simultaneously and so attempting to 
decide which one finally produced failure is not only difficult but also incorrect. 
Often the final factor is nothing more than a trigger that set in motion an earth 
mass that i/i/as already on the verge of failure. Calling the final cause the 
cause is like calling the match that lit the fuse that detonated the dynamite 
that destroyed the building the cause of the disaster, (p. 5) 
The importance of a particular factor depends on its local context; thus -
it is not realistic to generalize localized relationships at a particular situation or 
site (Selby, 1993; Sidle et al., 1985). For example, a 10° slope in clay may be 
potentially more unstable than a slope three times as steep in a more 
coherent material (e.g. sandstone). 
The associations are further complicated by different triggering 
mechanisms operating in different situations. Therefore, the considerations of 
the possible range of factors is of vital importance even though one or more 
factors may be more significant in a particular area. Variables such as 
gradient, aspect, vegetation, precipitation, seimicity, lithological and geological 
influence, slope shape, drainage will be discussed in turn and illustrated by 
examples. 
2.2.3.1 Gradient 
The steeper a slope the more it is unstable. The concept of a threshold . 
angle of slope steepness was introduced by Carson and Petley (1970). They 
considered slope gradient as the driving force of mass movement. However, 
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this view is not pertinent to the whole range of mass movements, but is 
especially applicable to shallow slides. Indeed, the concept is largely derived 
from the observations of shallow mass movement on various rock types and 
from the analysis of shear strength and shear forces. 
On the other hand, Sidle et al. (1985) compiled a detailed review on the 
lower limit of soil gradient on a range of mass movements. Despite their 
efforts, they pointed out that generalizations are difficult to make due to the 
complex combination of difficult mass movements and the inconsistent 
classification system involved in various studies. Four types of mass 
movements were studied: lower limits for the rapid mass movements (debris 
avalanches, slides, flows) have been initiated on slopes over 25°; initiation of 
rotational slumps between 7° to 18°; earthflows range from 4° to 20°; and soil 
creep has been measured on slopes as gentle as 1.3°. 
Another probelm pointed out by Walker et al. (1987) is the practicality 
of identifying thresholds for individual areas in which the environmental 
parameters are held constant. 
The idea that the variations in soil thickness on natural slopes are 
linked with the threshold angle of slope steepness was supported by Mark et 
al. (1964). Soil thickness can change rapidly over a century especially in 
hillslope depressions subject to filling, and this may reactivate landsliding. A 
threshold of soil thickness is present after the observations of repeated 
failures of shallow soils. Beyond the threshold, failure must occur, provided 
that the natural slope angle is greater than the internal frictjon angle for the 
failure planes. 
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Gradient is one of the topographic parameters investigated in modeling 
the landslide occurrence in Nelson County, Virginia, U.S.A. (Gao, 1993). The 
potential for landslides to develop is quite low at very gentle gradients. As 
gradient rises to between 13 and 31，there is minimal change in the potential. 
Nevertheless, the potential increases with gradient dramatically in a linear 
fashion beyond 31. He pointed out that not only gradient determines the 
instability of a slope directly, but also because gradient affects the percolation 
rate of surface runoff and hence contributes to the slope's instability indirectly. 
2.2.3.2 Slope Shape 
Slope shape, both down the slope (profile curvature) and across the 
slope (plan curvature), may influence landslide incidents. Profile curvature is 
a reflection of slope steepness. 
The distribution of soil water content is the major impact of slope shape 
on mass movements. Certain parts of a slope are more receptive to rapid 
water recharge during rainstorms since slope shape directs the flow of surface 
and subsurface water. On slopes with convex plan form (e.g. on ridges), pore 
pressures are greatly subdued, a perched water table is seldom found, and 
subsurface water is dispersed. The opposite is found in slopes with concave 
plan form, particular those with concave long-profiles (Sidle et al, 1985). In 
essence, this means that slope depressions receive more surface runoff and 
have higher antecedent soil moisture content. Thus, there is a higher 
probability for failures to occur in these areas than on ridges and slopes that 
are convex along the contour (Walker et al., 1987). This was confirmed along 
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the slopes in Nelson County, Virginia, U.S.A. with a concave cross-section. 
They are more susceptible to landsliding than those having other shapes. In 
contrast, the potential does not vary much with slope form in the profile 
direction (Gao, 1993). 
On the contrary, Walker et al. (1987) pointed out that no conclusion 
could be reached from various studies about the crucial relative positions 
along the slopes where landslides are likely to occur and that hillslope 
hydrology in relation to landslides distribution is complex. They stressed that 
local controls are more important and that generalizations at a global level 
may not be reliable. In support of this is a study from Hawkes Bay, New 
Zealand where debris-slide avalanche erosion is extensive (Eyies, 1971). No 
apparent relationship was found between the position of failures and profile 
curvature or plan curvature. 
Variability in soil thickness is an important variable which relates 
closely with slope shape (Sidle et al., 1985). Soil thickness in drainage 
channel or depressions may often be twice or more than that on intervening 
minor ridges. Slope depressions are more susceptible to mass movements 




Landslide incidents showing strong relationships with aspect can be 
attributed to two main factors: structural factors and microclimatic factors 
(Walker, et al； 1987). Rain-bearing wind is an expression of the latter 
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influence. Another example is the pole-facing slopes, where significantly less 
solar radiation is received and are thus likely to be subjected to less 
evapotranspiration and therefore higher water tables are found. 
On the other hand, a multitude of failures on equator-facing slopes has 
been noted in a number of studies (e.g. Crozier et a/.，1980). The 
phenomenon might be due to greater insolation received causes more wetting 
and drying cycles with greater soil cracking, and therefore more macropore 
development, higher infiltration rates and higher pore-water pressures. The 
deeper soil cracking on sunny slopes also leads to higher water hold-capacity 
than their shady counterparts (Selby, 1993). 
The influence of aspect was also investigated in Gao's study (1993). 
Chi-square tests, in addition to the overlay analyses of the landslide data and 
the topographic data layers show that all four terrain variables are statistically 
significant to the spatial distribution of the landslide paths at the 0.001 
significance level. On the other hand, landslides are observed to have higher 
chances to develop on W, NW, N and NE facing slopes, rather than E, SE, S 
and SW facing slopes. While the NW facing slopes are the most susceptible 
to landsliding，the E facing slopes are the least. Gao suggested that such a 
pattern of ratio distribution is formed out of two processes. First, S, SE and 
SW facing slopes received more solar radiation than the other directions. 
This results in lower antecedent soil moisture before a rainstorm and less 
saturated after the rainstorm starts. Consequently, these slopes take longer 
for them to reach the same saturation level than other slopes. Thus, they 
have smaller shear stress and are more stable. 
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In another study the aspect control is used to test on the general 
influence of rock structure and physiography on the landslide activity (Gupta 
and Joshi, 1990). In their study on the Ramganga catchment, Himalayas, 
landslide occurrences were found to be more frequent in the direction of the 
dip (perpendicular to the general strike) of the rocks. 
2.2.3.4 Vegetation 
Vegetation is considered as effective for surficial erosion prevention 
and slope stabilization purposes. There are two main groups of vegetation 
used for slope protection, namely herbaceous plants (grasses and forbs) and 
ligneous plants (trees and shrubs). According to Yen (1971), there are five 
major roles both plants play in slope protection processes, namely: 
a) to bind and restrain soil particles in place; 
b) filter soil particles out of runoff; 
c) intercept rainfall thus decreasing the impact of rain-drops; 
d) reduce the energy of runoff by retarding its velocity; and 
e) delay the onset of runoff by maintaining the retention capacity. 
Furthermore, the ligneous plants and to a less extent herbaceous plants 
protect the slopes by their mechanical reinforcement from the root system, 
modification of saturated soil water regime through evapotranspiration and 
interception, and their soil arching action and buttressing from embedded 
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stems and root system. 
Gupta and Joshi (1990), working in the Ramganga catchment in the 
Himalayas, validated Yen's view that vegetation has a positive effect on slope 
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stabilization. They found that barren areas and sparsely vegetated areas 
were highly associated with landslides while agricultural lands and forested 
areas were relatively less prone to landslide activity. Morever, it was noticed 
that coniferous forest is more extensively affected by landslides than 
deciduous forest. This might be due to insufficient canopy cover or scanty 
growth of secondary vegetation under coniferous forest. 
The effect of vegetation on slope stabilization, however, is not always 
positive. Lee (1985) concluded that vegetation has both a beneficial and 
adverse influence on slope stability. Deep rooted vegetation with its soil 
arching action provides restraint to the slope and enhanced stability. 
Moreover, increased soil shear strength from root reinforcement and soil 
moisture suction due to vegetation evapotranspiration also increase slope 
stability. On the other hand, weight associated with vegetation and the 
transmission of wind drag force from wind throwing pose adverse effects to 
slope stability. However, Lee mentions that the adverse effects are relatively 
small when compared to the benefits. 
The function of vegetation as a stabilizing measure on Hong Kong 
slopes was investigated by So (1970). His study reveals that the presence of 
vegetation only acts as a temporary stabilizing measures. In his paper on the 
mass movements associated with the rainstorm of June 1966 in Hong Kong, 
the results suggest that vegetation only plays a minor role in stabilizing 
slopes. In some cases, luxuriant vegetation cover provides only a temporary 




A convergence of flow is found in slope concavities and the base of 
slopes. In addition, hollows, such as old landslide scars, become sites with 
higher groundwater levels, and therefore there is a higher pore-water 
pressure than surrounding areas. If those hollows are being infilled by creep, 
wash, or other processes, they are then susceptible to the failure of the infill. 
In addition, weathering is more effective there (Selby, 1993). 
2.2.3.6 Precipitation / Seismicity 
Precipitation, among various climatic variables, has the most significant 
influence to landslide occurrence (Walker et a/., 1987). Rain water increases 
pore-water pressure in soils and causes a decrease of cohesion and internal 
friction (Zaruba and Mend, 1969). Both short duration soaking rain and long 
duration high-intensity rainstorms provoke slope failures. With a sufficiently 
well documented history of landslide activities and records of precipitation, it is 
possible to establish the minimum rainfall intensity required to cause 
landslides (Crozier, 1984). 
A study on landslides in Kentucky coal dumps indicate that a three-
monthly precipitation of 230 mm or more is critical for landsliding than with 
less precipitation (Zook and Bednar, 1975). 
Another study stressing the importance of antecedent rainfall was 
carried out by Nilsen and Turner (1975). They examined storm and 
cumulative precipitation prior to the storm for 62 storms and their relationship 
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with landslide-generation during the period of 1959-1971 in Costa County, 
California. Their results show that long-duration low-intensity rain with higher 
antecedent moisture content in the soil produced six times as many failures. 
Nevertheless, immediate rainfall should not be neglected in landslide 
occurrence studies. Lumb (1975) made general landslide-prediction based on 
the vast amount of rainfall and landslide data available in Hong Kong. His 
results show that the critical level is about 200 mm of rain in the preceding 15-
day period with 100 mm or more on the day the landslide occurred. He also 
suggests that the 70 mm/hour is more crucial than the 15-day antecedent 
rainfall. 
Landslides are more likely to occur if the area is located within an 
earth-tremor belt. Earthquake induces slope instability thru vibration of the 
ground, at frequencies of 0.1 to 30 Hertz as shock waves pass through it. 
The temporary change of stress can disturb the equilibrium state of the slope 
(Selby, 1993). Seismic activity is a major factor in the initiation of all types of, 
rapid mass movement, the reader is referred to Keefer (1984) for a general 
treatment of the subject. 
Very often, precipitation and even seismicity, although considered as 
influential for landslide occurrence, are omitted due to insufficient and 
incomplete records. An example of such can be depicted by the concluding 
remarks in Gupta and Joshi (1990). They specified that precipitation and 
seismicity are two important factors that have a significant bearing to the 
landslide activity in Ramganga catchment, Himalayas. Nevertheless, the two 
factors were omitted because of insufficient records. There are, nevertheless, 
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ways to get around with the omission of these variables. The influence of 
seismicity has been indirectly represented by another variable 'distance from 
major tectonic features', whereas the effect of precipitation on slope stability is 
assumed to be uniform throughout the study area. 
2.2.3.7 Lithology and Geological Influences 
Variables such as the nature of bedrock lithology, the coherence, 
compressive strength, the degree of weathering and the rock structures are 
crucial influences. However, detailed and precise information on these 
parameters can only be obtained from field survey. 
There is a noticeable association of mass movements with particular 
types of rocks or soil, e.g., Norwegian quick clays; the Champlain Sea clays of 
the St. Lawrence Lowlands; the London Clay. In these situations, the 
influence of lithology alone is prominent, even without the superimposed 
influence of unfavorable geologic structure or slopes over-steepened by 
tectonism (Sidle etal., 1985). 
Another example to exemplify the importance of lithology is the 
adoption of the Japanese landslide classification which is based largely on 
rock types. There are three groups in their system: soft Tertiary rocks, 
hydrothermally altered volcanic rocks and crush-zone rocks (Takada, 1964). 
Soils may be particularly prone to mass movement where deep 
weathering has taken place, especially if they lie on steep slopes, or have 
been subjected to deforestation (Cooke and Doornkamp, 1974). 
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Rock structures affect the stability of natural hillslopes through bedding 
planes, folds, joints and faults. Downslope dipping planes separating rocks of 
different nature may impede vertical infiltration and root penetration, thus pose 
a threat to stability by acting as failure planes. Joints and fractures oriented in 
the same direction have similar effects (Sidle et al., 1985). 
2.2.3.8 Regolith 
Soil properties that influence the susceptibility of materials to failure 
include texture, structure, coherence, grain shape, relative density, 
permeability, the porosity of granular soils and the void ratio in cohesive soils 
(Cooke and Doornkamp, 1974). Detailed accounts of each of these individual 
properties are outside the scope of this review. Only two broad subjects, 
hydrological and engineering properties of soils are described here. 
2.2.3.8.1 Hydrologic Properties of Soils 
The two most important hydrologic properties of soils that affect slope 
stability are the rate of water movement in the soils and the capacity of a soil 
to hold water. Particle and pore-size distribution are also included as the 
intrinsic properties of the soil matrix. However, it should be noted that water 
movement and storage in soils involves complex processes. Other factors 
that influence the processes include the amount of water input, slope gradient 
and shape, depth to water table, rate of evapotranspiration and landscape 
manipulation. 
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The rate of water movement in soils is best portrayed by hydraulic 
conductivity (K), the flux of water per unit gradient of hydraulic potential. The 
value of K varies closely with moisture content from near zero under dry 
conditions to its maximum under saturation. Different soil textures have 
different Ksat. e.g. clayey soils with very small interstitial pores have much 
lower Ksat than do sandy soils. 
The water-holding capacity of soils has a great impact on the 
antecedent soil moisture and the amount of rainfall required to recharge the 
soil. Finer soils tend to hold a higher volumes of water than do soils with 
coarse texture under unsaturated conditions (Sidle et al., 1985). 
2.2.3.8.2 Engineering Properties of Soils 
Soil shear strength is a crucial factor in determining slope stability. It is 
generally defined as a function of normal stress on the slip surface, cohesion 
and internal angle of friction (at which under gravity sliding would occur). 
Cohesion is defined as the friction at grain-to-grain contact (Cooke and 
Doornkamp, 1974). Normal stress is in turn affected by the unit weight or 
density of the soil at field moisture content, soil depth and slope gradient. 
Infiltrating water, which increases pore water pressures, modifies the normal 
stress to an effective normal stress (Sidle et al., 1985). 
The bonding of fine-grained particles give rise to true cohesion which is 
due to: van der Waals forces (for complete explanation, refer to Selby, 1993); 
electrostatic attraction between individual grain surfaces and edges; linking of 
particles via cationic bridges; cementation by organic matter and iron and 
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aluminum oxides; and surface tension in unsaturated clay particles (Baver et 
al., 1972). 
Cohesive rock and less cohesive regolith induce slope instability in two 
different ways. Generally speaking, strata composed of cohesive rocks are 
not prone to landsliding as less cohesive beds and regolith. The presence of 
weaker material such as joints, faults, and bedding planes, or bands of 
weaker material are important in determining slope stability. Less cohesive 
materials such as clay and sands respond to landsliding by shearing or 
deformation within themselves (Cooke and Doornkamp, 1974). 
2.3 Data Sources for Landslide Studies 
There are many ways to carry out a landslide study and this section will 
briefly discuss each in turn. Landslide studies could be taken at different 
scales, ranging from large-scale regional studies to the research on individual 
landslides. The choice of suitable scales of a study depends largely on the 
intended application and its result. 
The studies could also be grouped into different methods of 
investigation of slope stability, namely aerial photo interpretation (API), remote 
sensing, field survey and subsurface investigation. However, they should be 
seen as complementary rather than alternative methods. 
Furthermore, there are basically two types of landslides studies: static 
analyses and deterministic limit equilibrium methods (McKean et al., 1991) 
Static analyses provide an estimate of whether a slide should occur at a site 
under specific environmental and physical conditions. The estimation is 
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based on the existence of a hazardous event at some time in the past. 
Hence, the old landslides may have formed under different environmental and 
‘ p h y s i c a l conditions. The analyses could not assess the rate of movement 
once the slide begins to fail. It could only be established by repeated ground 
surveys over periods of months to years. Limit equilibrium analyses relate to 
the quantification of the stability of natural slopes. A factor of safety is 
computed which is the factor by which the shear strength parameters may be 
reduced in order to bring the slope into a state of limiting equilibrium along a 
given slip surface (Sidle et al, 1985). A detail account of the principles 
underlying the analyses and the roles of factor of safety are given by 
Morgenstern and Sangrey (1978). 
2.3.1 Aerial Photograph Interpretation 
Aerial photography provides the most important primary data source for 
landslide mapping at both site and regional level. Overlapping of pairs of 
photographs and skilled interpretation of stereoscopic image is often the 
single most important method of obtaining information on slope stability, apart 
from actual field mapping itself (Hansen, A., 1984). 
Aerial photography, according to Crozier (1984), is one of the methods 
used in gathering site information for slope stability analysis. Gross 
morphological features of landslides such as relief, drainage, structure, 
lithology and landslide history are best appreciated from aerial photographs 
whereas larger scale features required detailed site investigation. The main 
advantage of aerial photography on landslide assessment is that the terrain 
32 
characteristics can be compared over a large area. The major advantages of 
using aerial photography in landslide investigations include the following: 
• provision of a three-dimensional view by overlapping aerial photographs (Rib 
and Liang, 1978); quick establishment of the precise boundaries of a 
landslide; preparation of surveying plan, the lay-out of cross-sections and 
reasonable location of boreholes and test-pits (Zaruba and Mend, 1969); 
examination of the environmental setting such as relief, drainage, structure, 
lithology of each landslide (Cooke and Doornkamp, 1974; Rib and Liang, 
1978); the placement of sampling systems directly on the photographs; 
examination of areas in which ground access is prohibited; and easy 
measurement of geometric attributes and distribution patterns (Crozier, 1984); 
tracing of the areal extent of vegetative cover (Rib and Liang, 1978; World 
Wide Fund for Nature Hong Kong, 1993). 
Aerial photographs taken at regular intervals over a time period are 
valuable for tracing the expression of recent stability (Walker et al., 1987) and 
determining rates of movement, landscape changes and approximate date of 
occurrences of various erosional features. Photographs on a scale of 1:5,000 
to 1:10,000 proved suitable for this type of landslide studies (Zaruba and 
Mend, 1969). 
Aerial Photograph Interpretation (API) is an essential early step in the 
creation of landslide inventory. The use of aerial photographs reduces the 
amount of field work necessary since they can be used to measure some 
geometrical properties of landslide scars (Crozier, 1984). 
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2.3.2 Remote Sensing 
Imagery obtained by remote sensing are probably the only primary 
data source for landslide studies in remote areas and developing countries. 
Satellite images record various frequencies ranging from visible light to infra-
red radiation. Although it is highly unlikely that individual landslides will be 
visible, a wealth of information such as relief, drainage, structure, lithology 
and past incidents could be obtained at low cost over wide areal extents. Its 
synoptic view and its repetitive seasonal coverage provide an abundance of 
information especially for small-scale (1:300,000 to 1:500,000) regional 
studies in the developing countries. Another useful source of information for 
similar studies that worths mentioning here is radar imagery. It is also a 
effective tool in reconnaissance surveys because the technique is workable 
under all-weather conditions. The pulses and return of its signals penetrate 
7000 m of cloud containing rain, snow, hail or smog all day long and still 
maintain satisfactory results. Thus, it is a desirable source of primary data in 
both tropical and other cloudy zones (Hansen, A., 1984). 
Satellite remote sensing data is an important component in an 
integrated GIS created by Wang and Unwin (1992) in their study of 
catastrophic landslides on Loess Plateau of China. Using Landsat MSS, a 
DEM is obtained by interpolation from digitized contours, ridge lines and a 
sample of 'important' points taken from 1:10,000 map source. The coverage . 
of loess thickness can be obtained by image processing. First, the image is 
used to detect the outcrop of the loess/bedrock contact. Second, the height 
of the contact is found by overlaying that with the DEM. Third, the ‘‘ 
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interpolation of the height of the sub-loess surface is carried out. Finally, the 
loess thickness could be found by subtracting that surface from the DEM. 
Automated interpretation of TM data is used for vegetation mapping, 
which in turn, is incorporated as a data layer in a multivariate statistical 
evaluation of landslide susceptibility in San Mateo County, California, U.S.A. 
(McKean et al., 1991). Results suggest that vegetation affects the frequency 
of debris flow especially over granitic materials, with the greatest differences 
occurring within the drier aspects. Besides vegetation, satellite imagery can 
also be used to acquire indirect measure of soil depth. The formation of 
relatively thick deposits of colluvium in drainage channels and valleys poses a 
threat to slope stability in Marin County, California, U.S.A. especially during 
intense storms. In the test site, near-infrared/red, mid-infrared/infrared, and 
greeness indices are capable of detecting major colluvial deposits. Their 
prediction of soil depths correlates well with the actual ones up to a limit of 
several metres (grass rooting zone). Although not without errors, the synoptic 
views are a great advantage. Furthermore, multispectral data can be used to 
identify and map existing landslides obscured by a forest canopy. In old-
growth coniferous forest, exposure of understory vegetation, bare soil, and 
fallen tree trunks in the canopy openings affects the spectral properties. At 
Jude Creek, Oregon, the spectral effects correlate with the slide movement 
rate, through the degree of canopy disruption that has occurred. . 
2.3.3 Field Survey 
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The field investigation is the central and decisive part of a study of 
landslides and landslide-prone areas (Sowers and Royster, 1978). Detailed 
field survey data such as soil layer thickness, soil strength, pore hole 
pressure, depth below the potential sliding planes, slope gradient, are 
particularly crucial to the deterministic landslide hazard analysis. The 
techniques for obtaining the data are covered at great length by Sowers and 
Royster (1978). 
2.3.4 Subsurface Investigation 
Subsurface geotechnical investigation over large areas is necessary to 
identify landslide-prone zones and to analyze existing slides (Sowers and 
Royster, 1978; Zaruba and Mend, 1969). Variables obtained are for instance, 
geological structure, groundwater and weathering conditions which require 
direct inspection or monitoring and laboratory analysis. They belong to the 
internal causes which reduce shearing resistance of the soil, which in turn, 
increases pore water pressure or reduces shear strength by weathering. The 
geotechnical data are generally costly and time-consuming to acquire, 
however it can greatly improve the objectivity of an analysis. Site accessibility 
may be a big problem in remote areas, either for transporting large boring 
machines, or the transfer of material samples taken (Hansen, 1984). 
2.4 Landslide Studies in Hong Kong 
The steep terrain with deeply weathered granitic and volcanic rocks in 
Hong Kong is subjected to various types of mass movement. The process is 
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heightened by the setting of humid tropical environment with a pronounced 
summer wet season. The deep weathering profile carrying with it relatively 
thick mantle of weathered debris pose serious threats to slope stability. 
Intense rainfall brought by typhoons and other tropical cyclones is often 
considered as the main triggering factor of mass movement in Hong Kong. 
This factor is particularly important given the porous nature of the residual 
subsoil, which when reaching the degree of saturation, will act as a lubricant 
against the ground surface. 
Numerous landslides occur in the zone of colluvium at the contact 
between granite and volcanics, as can be exemplified by the Mid-Levels area 
on Hong Kong Island. Surface wash-outs are mostly associated with granite, 
whereas landslips are more associated with volcanics. 
Mass movements in Hong Kong can be broadly divided into those with 
anthropogenic origins and those with little human disturbance. An example of 
the former types, which are among the more disastrous ones involving 
substantial loss of life and property is the landslides which took place in many 
areas in June, 1966 (So, 1971). However, it is important to be aware that 
there was board deforestation during World War II which might contribute to 
the indirect cause of those 'natural' landslides. Deforestation of slopes has 
been observed to be related to severe shallow landsliding in places like New 
Zealand, Alaska, British Columbia, the Himalayan foothills and Japan (Selby, . 
1993). 
Some of the findings of So (1971) on the function of vegetation on 
slope stabilization in Hong Kong are dubious. The claim that vegetation plays 
37 
only a minor role in stabilizing slopes is weakly argued, because only the 
incidents of mass movement were examined, and the vast area of 'stable' and 
'vegetated' slopes were excluded from the study. 
The GEO of the Civil Engineering Department of the Hong Kong 
Government publishes yearly reports 'Hong Kong Rainfall and Landslides'. 
The report reviews rainfall and landslide occurrence in the Territory 
throughout that particular year. The rainfall information is obtained from both 
the GEO automatic raingauge system and from the Royal Observatory. The 
report emphasizes cases of landslides reported to GEO, since they were 
inspected by GEO geotechnical engineers and that detailed field data were 
available. 
To take the year 1990 as an illustration, the GEO gathered a total of 
105 reports of incidents. 77 were classified as genuine landslides and six of 
them were major (a failure in which the volume of the collapsed mass 
exceeded 50 cu m). The rest were minor ground or structural movement that 
were of no geotechnical concern. The locations of all incidents that were of 
geotechnical concern (99 of them) were mapped in a 1:50,000 scale map. 
Selected incidents are also illustrated by photographs. The details of those 
incidents can be found in the incident files of the GEO District Divisons and 
the 1:5000 incident location maps are found in the Civil Engineering Library. 
2.5 Application of GIS on Landslide Studies 
Hansen (1995) specified that a landslide GIS should have the following 
four capabilities: 
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a) records the location of individual landslide sites and its attributes; 
b) investigates the spatial distribution of landslide occurrence; 
c) examines the spatial relationships between the landslide occurrence and 
the related topographic, vegetation, soil and climatic parameters; and 
d) models the propensity of landslide occurrence. 
2.5.1 Major Data in GIS for Landslide Studies 
Collection of data for a GIS is a time-consuming process. Preparation 
of hazard maps cannot be based solely on the factual, measured, field data. 
The landslide distribution map is an important coverage based on the principle 
that landslides are more likely to occur in locations with a specific 
combinations of pre-existing factors which has led landslides to occur in the 
past. Furthermore, individual parameters or a combinations of different 
parameters are also essential if the user wants to test the importance of 
specific parameter classes. There are different forms of mapping units, 
namely terrain mapping units, geomorphological units and geological units. 
Landslide density can be presented as percentage cover within them (van 
Westen, 1994). 
2.5.1.1 Triangulated Irregular Network (TIN) as a Representation of Surface 
Terrain morphometric variables such as elevation, gradient, orientation, . 
plan curvatures, profile curvatures are important in the landslide model. A 
digital elevation model (DEM) plays an important role of extracting those 
• »» 
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variables efficiently and precisely without the need to obtain on site 
information. 
DEMs have been used extensively in representing terrain and 
modeling surface processes over the earth surfaces within an integrated GIS 
environment. Physiographic features are extracted from digital terrain data as 
inputs to the physical models. Hogg et al. (1993) carried out a study to extract 
characteristics of river catchments and stream-channel networks from DEMs. 
The derived catchment characteristics include drainage network, boundaries 
of the catchment areas, catchment length, drainage channel profiles, stream 
order, height ratio, slope and aspect. 
There are two types of terrain-modelling available: the gridded models 
and the triangulation-based models. There are many limitations of gridded 
models to perform surface representation. The main disadvantages are that 
the grid sizes have to be determined in advance and must be sufficiently small 
to accurately represent the irregular surface, which naturally leads to excess 
data in smooth areas. When contouring from irregular data, the model 
interpolates known data points on to a grid structure, this may lead to 
smoothing out of surface irregularities. Moreover, grid-models cannot 
accurately represent irregular features, such as breaklines at the top and 
bottom of ridges or embankments (Milne 1990). 
A terrain surface is characterized by a set of planar triangular facets in . 
a TIN. Each triangle has three edges and each edge has two vertices. 
Vertices in TIN represents nodal terrain features such as peaks, pits or 
passes，while edges depict linear terrain features such as break, ridge or 
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channel lines. (Lee, 1991). Thus, the models represent the ground surface as 
a series of non-overlapping contiguous triangles with a data point as each 
node. The method provides a much more efficient method of surface 
representation, overcoming many of the problems encountered by grid-based 
models. 
TIN is constructed by procedures of interpolation that are based on 
triangulation. It is achieved by locally fitting polynomials to triangles. There are 
various ways to triangulate a set of points, one of the more popular way is the 
so-called 'Delaunay triangulation' (Wei be I and Heller, 1991). A triangulation of 
a set of points is a Delaunay triangulation if, and only if, the circumcircle of 
any of its triangles does not contain any other point in its interior. The 
Delaunay triangulation is bounded by the convex hull. Once the TIN has been 
constructed by triangulation process, the interpolated z-value of a point 
depends on the heights of the nodes of the triangle that contains it. 
During the interpretation process, some critical cases for interpolation 
cannot be adequately handled by purely Delaunay triangulation. Thus the 
Delaunay criterion has to be relaxed. Segments of discontinuities or other 
features of spatial coherence form edges of triangles. 
There are two ways in which information may be extracted from DEMs: 
by visual analysis of graphic representations (visualization) or by quantitative 
analysis of digital terrain data (interpretation). . 
Slope value is the most frequent variable derived from DEMs. Slope is 
defined by a plane tangent to the DEM surface at any given point. There are 
two components comprising the variable slope: gradient (maximum rate of 
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change in altitude), and aspect (the compass direction of this maximum). 
Gradient and aspect are the first derivatives of the altitude surface. The 
second derivative is the rate of change of slope (convexity or curvature). 
Convexity has also two components: profile convexity (rate of change of 
gradient) and plan convexity (convexity of contours) (Weibel and Heller, 
1991). 
DEM played dominant role in modelling the distribution of landslides in 
Nelson County, Virginia, USA (Gao, 1993). Topography and morphology 
were the main variable studied. Variables extracted from DEM included 
gradient, orientation, slope and profile curvatures. The DEM used in the study 
is obtained from topographic sheet at a scale of 1:24,000 which contains 
contours of 6 m interval. Elevations were read through a dot grid overlaid on 
top of the map at an interval of 24 m. During the process, linear interpolation 
was performed for those dots which fall in between contours. There are two 
methods to ensure data accuracy: first by running a computer program and 
then by plotting them out as contour maps. The computer checks whether the 
difference in elevation between two points exceeds a threshold. After 
identifying the location, the point in question is then printed out and corrected 
after verification with both the recorded data and the original map. 
2.5.2 Applications . 
Numerous applications of GIS have been found in this field. Research 
work ranges from mass movement inventory, the use of DEM in extraction of 
terrain-derived variables, multivariate statistical analysis on landslide hazard 
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assessment, and the rigorous deterministic modelling of physical processes or 
three-dimensional modeling of mass movement. 
2.5.2.1 Inventory 
Conventionally, engineering geologists record the locations of mass 
movements in engineering geology maps by traditional cartographic 
procedures. Efforts have been found to reinterpret and convert those 
previous technical maps into a more useful form using GIS. The task of 
converting the landslide hazard representation into the formality of the vector 
topology data model poses great problems. 'Open' polygons, graduations in 
symbolic representation and implicit spatial relationships are some of the 
problems encountered. Figure 2.3 illustrates the problems faced in 
converting a traditional technical map to a vector-based GIS. (Wadge et a/.， 
1993). 
2.5.2.2 Landslide Hazard Assessment 
GIS plays an important role in analysing lanslide hazards. With a 
standardized and well-structured landslide database, the data obtained on 
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field can be well-ogranized and thus facilitate fast query and display. A good 
landslide GIS allows not only landslide hazard assessment but a broader 
applications in engineering geology (van Westen, 1994). . 
A study done by Mejia-Navarro et al. (1994) adopts GIS to assess 
geological hazards, vulnerability and risk. A variety of hazards which include 
subsidence, rockfall, debris flows, and floods are investigated. An extensive 
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range of variables such as topography, hydrology, precipitation, geomorphic 
processes, bedrock and surficial geology，structural geology, soils, vegetation, 
and land-use, was considered for hazard assessment using a series of 
algorithms. Algorithms are used to analyze the influences of all the factors. 
GIS plays an important role in facilitating the speed and ease of calculations 
involved in these algorithms, and the ease of carrying out sensitivity analyses 
which require changes in various variables. The user-friendly interface and 
the menu-driven model make fairly sophisticated hazard analyses readily 
available to land managers and urban planners. 
Special techniques for integrating heterogeneous data sets required for 
landslide hazard modelling are discussed by Gupta and Joshi (1990). In their 
study, the following important factors are considered: (1) lithology; (2) land-
use; (3) azimuth direction of topographic slopes (slope aspect); and (4) 
distance from major shear zones. The factors desired have different units and 
are measured on different scales. For example, lithology and land-use are 
measured on a categorical-nominal scale (mutually exclusive categories of 
equal weighting, e.g., quartzite/limestone or coniferous forest/deciduous 
forest). Slope aspect and distance from shear zones are measured on a 
continuous scale. For analytical operations, they adopt an empirical approach 
in which statistical relationships of the factors with landslide occurrences are 
converted into a risk factor given on an ordinal scale. The ordered sequence . 
states are given numeric weights and combined to a cumulative risk factor, on 
which the landslide hazard zoning is derived. The landslide nominal risk factor 
(LNRF) is defined as: ... 
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Landslide incidence in a particular geo-
environmental subcategory 
LNRF = 
average landslide incidence in the various sub-
categories of that category 
LNRF > 1 implies that the particular subcategory is more susceptible to 
landslides than average. LNRF < 1 suggests that the subcategory is 
associated with more stable slopes. LNRF = 1 implies the subcategory has an 
average landslide incidence. 
The entire catchment area is subdivided into unit cells for landslide 
hazard zoning. Weights of 0，1 and 2 are assigned to the above three LNRF 
categories, respectively. Overlays are prepared for each of the geo-
environmental parameters and unit cells of each overlay are assigned weight 
factors of 0, 1 or 2 depending upon the LNRF category. The values for each 
grid cells in the overlays are summed for landslide hazard zoning. 
Any landslide hazard assessment involves a high degree of uncertainty 
(van Westen, 1994). Difficulties are encountered by earth scientists when 
they try to predict landslide probability in areas presently free of landslides. 
Many methods and evaluations are based on the assumption that landslides 
are more likely to occur in places when a combinations of conditions exist 
which has led landslides to occur in the past. 
2.5.2.2.1 Statistical Modelling 
Simple descriptive statistics have been applied in a landslide hazard 
zoning project using the GIS approach (Gupta and Joshi, 1990). Statistical 
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analyses based on frequency distribution (number of slides per unit area, 
n u m b e r / k m 2 ) , and also on a real distribution (percent area affected) related to 
individual geo-environmental factor such as lithology, landuse, orientation and 
proximity to major shear zones. However, Gupta and Joshi pointed out that 
some generalizations are involved with this type of analysis. For instance, 
when factors like land use and distance from tectonic features are given equal 
weighting, possible discrepancies might be created. 
A number of statisitical techniques have been applied in a GIS 
environment. An example of such application on homogeneous 
morphological units has been carried out by Carrara et al. (1991). 
Multivariate statistical methods are used to search for critical 
combinations of environmental and physical site conditions such as gradient, 
aspect, elevation, bedrock type, vegetation cover that correlate well with past 
occurrence of landslides (McKean et a/., 1991). The spatial distribution of 
such combinations of factors could then be mapped into displays of relative 
landslide susceptibility. Remote sensing methods, with their ability to view 
large areas synoptically, come into play here as an important data to obtain 
site conditions in remote areas where physical accessibility is difficult. Jibson 
and Keefer (1989) employed similar methods to determine the relative effects 
of slope height, gradient, aspect, stratigraphy, and proximity to the 
hypocentres of the 1811-12 New Madrid, MO., USA, earthquakes on the . 
distribution of the landslides. 
There are various ways to perform statistical analysis of landslide 
susceptibility under a GIS environment. Van Westen (1994) offers a rather 
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comprehensive review on the methodologies for landslide hazard assessment 
in a GIS environment. Two of the nine ways to analyze the distribution of 
landslides he covered are statistical methods. The potential and the specific 
requirements for input data for each of the methods are treated. Univariate 
and multivariate statistical landslide hazard analyses are discussed in turn in 
the following paragraphs. 
In the univariate statistical landslide hazard analysis, normalized values 
(landslide density per parameter class in relation to the landslide density in 
the area interested) of each parameter are combined to create a total hazard 
map. Also, it is possible to cross the landslide map with the combination of 
various parameters maps to obtain a density per unique combinations of input 
parameters. GIS is especially useful in this case which involves numerous 
map crossings and manipulation of attribute data. 
Multivariate statistical landslide hazard analysis detects the relative 
contribution of each of the factors to the total hazard within a defined land unit 
such as catchment areas, geomorphological units or other kinds of terrain 
units. The method requires a landslide distribution map and a land unit map. 
Most of the method such as discriminant analysis or multiple regression 
require the use of external statistical packages. GIS is used for sampling the 
parameters of each land units and numerous map crossing. 
A number of basic GIS techniques like simple overlay and sieve . 
mapping can be used when carrying out the analysis on the spatial 
distribution of landslides. Wang and Unwin (1992) discuss strategies in 
different modelling and handling geographical information for predicting the 
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spatial incidence of landslides in a GIS. The three modeling strategies are 
sieve mapping, weighting factors and log-linear modeling. Sieve mapping 
employs fundamental GIS operations. The logic involves is essentially 
deterministic (yes/no). Using the GIS, factors thought to be significant in 
landsliding are mapped and areas that are not susceptible according to each 
recognized criterion are overlaid on top of each other to leave as a residual 
those areas thought to be susceptible to all the criteria. This technique is 
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relatively easy to implement in almost any commercial GIS software, in either 
a vector or a raster data model. However, this method is not without 
drawbacks. The coverage used and the categories established within each 
are to an extent arbitrary. The logic is deterministic and produces abrupt 
spatial discontinuities which do not reflect the continuous nature of both the 
degree of hazard and the controlling factors. Weighting factors (Bayes' 
theorem) reduce each parameter map thought to be important to a single 
metric/common scale and then add up the scores to produce an overall index. 
This method approximates an underlying continuous scale of landslide 
susceptibility. There are several demerits. First, the metric scale chosen will 
be arbitrary for each category on an assumed underlying scale of 
susceptibility. Second, in common with the more usual methods of polygon 
overlay, it gives no guidance as to which data layers are most important in 
determining the final outcome and which are of minor importance that they . 
can be ignored. Third, it does not allow for interactions between factors used 
and so risks missing significant effects. Categorical data modelling/log-linear 
modelling is found to be the best approach that make good use of the 
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available information. It enables each factor to be weighted in some optimal 
sense based on past information so as to maximize the predictive power of 
the models. If the various environmental factors involved are best considered 
as continuous, ratio-scaled numbers, a stepwise multiple linear model 
calibrated by conventional ordinary least squares can be adopted. If the 
environmental factors are best described by categorical assignments, a model 
could be produced using the categories of independent variables that fit the 
observed frequencies as closely as possible. 
Discriminant analyses were successfully applied in a small drainage 
basin in Central Italy (Carrara et al., 1991) to distinguish between stable and 
unstable slope-units based on 40 geological-geomorphological variables. 
Through a subset of 15 variables, there is a high percentage of correct 
classification of slope-units. The resulting information allows landslide hazard 
and risk to be evaluated in each slope-unit. In another study (Jibson and 
Keefer, 1989), the same analyses are used to show that there is significant 
differences between bluffs with and without slumps: failed bluffs tend to have 
sand and clay at their base, which may cause them more prone to fluvial 
erosion. 
2.5.2.2.2 Physical Processes or Three-dimensional Modelling 
Another method of modeling landslide occurrence is based on . 
deterministic models. The likelihood of failure of a single landslide can be 
analyzed using deterministic limit equilibrium methods based upon the 
principles of soil mechanics. According to McKean et al. (1991)，material 
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properties and site conditions required for such modeling are difficult and 
costly to obtain, even for a single site. This type of analyses demands intense 
field work, and is contrasted with the static analyses mentioned in the 
previous section. 
G. Wadge (1988) discussed the potential of GIS deterministic 
modelling of gravity flows and slope instabilities. GIS based on Digital 
Elevation Model (DEM) offers the potential to be able to map the component 
of gravitational acceleration parallel to the slope of the local surface. This 
variable is critical and partly determines the state of slope stability and the 
kinematics of flow under gravity on that slope. 
Several three-dimenional models have been proposed to identify the 
shape and volume of a shallow failure that appears on a mountain slope 
during heavy rainfall. Okimura (1994) developed a three-dimensional multi-
planar sliding surface model and applied it to a DEM to determine the site and 
form of a critical sliding mass on a mountain slope during heavy rainfall. The 
potentially unstable mass predicted was almost the same as the actual failed 
mass. 
2.6 Suggestions for Future Research Directions 
After reviewing an abundance of research materials on the field of 
various nature of landslide studies, landslide research done in Hong Kong, the . 
importance of natural hazard assessment, and the applications of GIS in 
these studies, it is clear that much more research is required in a variety of 
areas within the Hong Kong context. Those areas can be broadly classified 
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into several folds. The study proposed here will address a portion of the 
research topic pointed out in the following. 
Firstly, there is an absence of detailed investigations of natural 
landslide occurrence in Hong Kong. Present studies focus mainly on those 
mass movements where there is a direct human impact in inducing 
occurrences, such as many of the failures in fill-slope and cut-slope platforms. 
Moreover, many past studies (So, 1970) have not looked into areas where no 
landslides have occurred, but focused mainly on the location of landslides. 
This will inevitably ignore a wealth of information from other sites where 
instability is not a major problem, leading to a biased attention to the unstable 
sites. The lack of field or environmental factors might be the reason of 
neglecting those areas. This wealth of reality information on the 'undisturbed' 
sites is considered in the model proposed in this study. This can be done 
owing to the feasibility of GIS to manipulate and handle multiple sets of data 
and its functionality of carrying out numerous map crossings. 
There is not a centralized data bank for storing all the geographically 
referenced physical or environmental data required for landslide assessment 
in Hong Kong. This is where GIS again comes in to the picture to efficiently 
»'-
handle all the information required. It can also speed up the process of 
sampling and extracting information from the database. 
DEM plays an important role in GIS modeling on landslide distribution. . 
First，its derived variables save time and effort in field work. Second, it 
enables a faster and more efficient acquisition of basic morphological data at 
effective cost over wide regions. Third, it makes the measurement of terrain 
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variables consistent over space. Fourth, it determines the topographic 
features even in areas not affected by landsliding. Thus, the project proposed 
here is benefitted by the use of DEM. 
There is a lack of applicable structure of natural landslide database in 
Hong Kong. The proposed structure which records the natural environment, 
the natural slope and dimensions of both the failure surface and the displaced 
mass can be treated as a first big step for recording landslide data in a 
organized and systematic manner. 
The project proposed here is the first of its kind GIS inventory of storm-
based natural slope landslides in Hong Kong. Natural landslide hazard 
assessment incorporating various environmental and terrain data is not done 
in Hong Kong. A statistically determined hazard zoning is called for as a first 
step, leading to a more detailed investigations. The proposed project 
addresses problems in Hong Kong context pointed out above. GIS benefits 
both the storage and manipulation of terrain and environmental information of 
natural landslide assessment, and also the easy extraction of data for 
statistical analyses. DEM, which records a wealth of terrain information, is 
handy for obtaining terrain parameters for sites not easily accessed and for 
'stable' sites which are often neglected. The database is designed for storage 
of a wealth of data on headscarps and debris trails. 
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CHAPTER III 
STUDY AREA 
In this chapter, six sections are included. The first section introduces 
the general information of GASP V. The second section investigates the 
climatic situation of the triggering rainstorm. The third section provides a 
detailed geological account of the study areas. Then, the geomorphological 
situations of the study areas are reviewed. The erosion and instability status 
within the two study sites is briefly discussed. The last section lists the 
vegetation proportion of the two study sites. 
3.1 Location and Choice of Study Area 
The two study sites fall into the North New Territories Study Area 
(GASP V) determined by GEO. 
The study area occupies approximately 16 095 ha in area and is 
situated in the central northern New Territories (Figures 3.1). It includes the 
major new town development of Tai Po, Fanling and Sheung Shui. The study 
area has a common western boundary with the North West New Territories 
Geotechnical Area Study (GASP IV). The northern boundary is marked by 
the Sham Chun River, while the eastern boundary with the North East New 
Territories (GASP VIII) lies between Starling Inlet and the Plover Cove . 
Reservoir and follows the Bride's Pool to Luk Keng road. The islands of Ma 
Shi Chau and Yim Tin Tsai are in the study area, the southern limit of which 
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Figure 3.1 Location of rainguages and the two study areas (GCO, 1983 
p.45) 
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lies along a topographically controlled east to west line from Tai Po Kau to 
Kwun Yam Keng. To the south is the Central New Territories (GASP II) 
(GCO, 1994). 
Because of the high incidence of recent landslide activities and the 
relatively unoccupied nature of the area, Dog Hill (Cheung Shan) (Figure 3.2) 
and Hok Tau Reservoir Area/Ping Fung Shan (Figure 3.3) have been selected 
as the study sites. 
3.2 Climatic Aspects 
On September 26, 1993，there was heavy rainfall associated with two 
localized rainstorms coalesced over the northeastern New Territories, causing 
rainfall amounted to over 300 mm. Three rainguages are located in the GASP 
V North New Territories area, namely N05, R23 and R31 (Figure 3.1). The 
precipitation data from the three rainguages with a reading every hour, give 
details of the event. An antecedent of precipitation of 167 mm and 157.5 mm 
were recorded at R23 and R31 respectively in the previous 4 days. Before 
that, the amount of precipitation were negligible at the two rainguages. At 
both R23 and R31, hourly rainfall fluctuated between 5 to 10 mm from 0100 
hours onward before they hit the first peak at 1100 hours (20.5 mm and 21.0 
mm respectively). Then rainfall dropped gradually to 1 mm at 1400 hours and 
rose to the second peak of 38.0 mm at 1800 hours at R23. At R31，rainfall . 
went down to 5 - 1 0 mm per hour after the first peak at 1100 hours. Then it 
rose back up to 22.5 mm per hour at 1800. The amount gradually went to the 
trough of 0.0 mm at 2100 before it reached the peak of 52.5 mm at 0100 the 
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Figure 3.2 Dog Hill area, 1:20,000 (Source: GCO, 1991) 
_ 






following day, September 27，1993. At N05, the situation was similar except 
that the peak of 58 mm/hour came earlier at 2100 hours. 
The three raingauges recorded an amount of 316.5, 313.5 and 218.5 
mm respectively (see Figures 3.4，3.5 and 3.6) on that day. At 2100 hours, 
rainstorms brought up to 58 mm/hour at N05 in the subsequent hours. The 
duration of the rain was nearly the same for all three sites. 
As a measure of the magnitude of the recorded precipitation, an 
excerpt of the table taken from the Rainfall and Landslides in 1985 
(Premchitt, 1991) is included for comparison. This table lists the maximum 
rainfalls during 1985 and the respective estimated return periods. The return 
period or recurrence interval is hypothetically the average time between 
events of the same magnitude. The recurrence curve is produced by plotting 
the variation in recurrence interval against the magnitude of the event 
(Hansen, A., 1984). In 1985 an hour of 63.9 mm is estimated as a 4-year 
return period. This could be compared to the 58 mm/hour obtained from the 
rainstorm in the study. Compared with the daily amount of 240.5 mm 
obtained in 1985 (3-year return period), figures in this study are much higher 
than that. Lastly the four day antecedent rainfall of 273.8 mm is equivalent to 
less than 2 years of return period in 1985. In this study, the figures obtained 
(167 mm and 157.5 mm) are much less than the 1985 figure, meaning an 
even lower return period. . 


























































































































































































































































































































































































































































































































































































































































































Table 3.1 Comparison of precipitation magnitude of 1985 and September, 
1993 
Duration 1985 1985 September 1993 
1 Rainfall ^Estimated 
(mm) Return Period 
(Year) 
1 hour 63.9 4 ' W 
24 h o u r 2 4 0 . 5 3 316.5 (N05) 
313.5 (R23) 
218.5 (R31) 
4 day 273.8 ^ 167 (R23) 
157.5 (R31) 
Rainfall at Royal Observatory, Tsim Sha Tsui -
2 Gumbel equation，Peterson & Kwong (1981) 
Hok Tau Reservoir area is situated in the north of Tai Po and belongs 
to the Pat Sin Leng Country Park. There are about 40 natural slope landslides 
concentrated in the surrounding hill-side area as a result of the September 26, 
1993 rainstorm. There are about 21 more natural slope landslides found in 
Dog Hill (Cheung Shan), north of Hok Tau Reservoir. Multiple well-defined 
natural hillside landslips in colluvial materials are found on Ping Fung Shan. 
The colluvium is essentially volcanic derived in this locality. Relict landslip 
scars are also found in Dog Hill, however they are not being considered as 
part of the subjects for examination. 
3.3 Geological Aspects 
3.3.1 General Information of GASP V 
According to Allen & Stephens (1971), geology is dominated by the • 
presence of an extensive outcrop of volcanic rocks. The bedrock materials 
have generally been subjected to severe weathering. Resistance of the 
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individual lithological units and groundwater regimes associated with 
geological structure determine the depth of decomposition. 
Detailed definition of the distribution of geological units within the study 
area could be found in the Solid and Superficial Geology maps prepared by 
GCO at a scale of 1:20,000 (GCO, 1986). It should be noted that one source 
of elementary geological information is the Terrain Classification Database 
(portion of GASP V) that is adopted in this study. Detailed description of the 
database can be found in Chapter IV. In the classification scheme, all 
footslope and drainage plain terrain corresponds to colluvium (Terrain 
Component Variables E，F’G’H). Whereas all sideslope terrain corresponds to 
in situ materials (Terrain Component Variables B，C，D). 
3.3.2 Rock Types Specific to the Two Sites Chosen 
Generally speaking, Dog Hill (Figure 3.7) and the southern and western 
flank of Ping Fung Shan (Figure 3.8) share the similar solid geology, both 
belong to the group - Repulse Bay Volcanic Group - Tai Mo Shan Formation 
(JTM) - undivided, coarse ash crystal tuff. The only basic difference is that 
the rocks have been slightly metamorphosed in Dog Hill. Both areas have 
debris flow deposits (silt/sand, gravelly, clayey with cobbles and boulders; 
unsorted) covering the valleys and drainage channels. 
The northern flank of Pat Sin Range belong to Port Island Formation . 
(PI) with the upper part being purplish to brick red sandstone and siltstone, 
and lower part with conglomerate and greyish white sandstone. 
.»« 
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Figure 3.7 Solid and superficial geology of Dog Hill area, 1:20,000 
JTM - Tai Mo Shan Formation; Qpa - terraced alluvium; 
‘Qpd - dfebris flow deposits 
(Source: Survey and Mapping Office, 1987) 
_ 
Figure 3.8 Solid and superficial geology of Hok Tau Reservoir area, 
1:20,000 
JTM - Tai Mo Shan Formation; KPS - Pat Sin Leng , 
Formation, undivided; Qd - debris flow deposits; 
Qpd - debris flow deposits; si - siltstone and mudstone • 
— (Source: Survey and Mapping Office, 1987) 
»» 
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3.3.2.1 Volcanic Units - Repulse Bay Formation 
The Repulse Bay Formation is a thick and widely spread, mainly 
subaerially deposited, series of volcanic rocks. It is at least two thousand 
metres thick and extends, along with the intrusive granite batholith, into the 
southern part of China. It is Middle Jurassic in age, and six major lithological 
units have been identified and mapped. 
In the North New Territories, the sedimentary and water-laid 
volcaniclastics, coarse tuff, pyroclastics rocks with some lavas and a small 
area of undifferentiated volcanic rocks were mapped. The undivided coarse 
ash, crystal tuff characterizes Dog Hill, Hok Tau Reservoir Area and the 
southern flank of Ping Fung Shan. 
3.3.2.2 Sedimentary Units - Port Island Formation (PI) 
The Port Formation is the youngest bedrock in the area and outcrops 
over 906 ha of the northern flank of the Pat Sin Range. The outcrop extends 
as a broad continuous belt from the eastern study boundary at Bride's Pool to 
Hok Tau Reservoir, a distance of nearly 5 km. These rocks are of Lower 
Cretaceous age and are distinctly fluviatile in character. They overlie the 
Repulse Bay Formation, and their structure is simple with a uniform and 
constant northward dip of between 20° and 30°. The gentle north-facing 
slopes of the Pat Sin Range tend to follow this dip and form a cuesta, heavily . 
dissected by streams. It is contrasted by the steep south-feeing scarp 
contains mostly colluvium derived from its bedrock of volcanic origin. 
Lithologically, the Formation consists of a thick basal and other subsidiary 
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conglomerates, together with pebbly sandstones, cleaved mudstone and 
shales. The pebbles and boulders of the conglomerates are almost entirely 
derived from the Repulse Bay Formation rocks with quartz vein. The lack of 
granite pebbles indicates that the Port Island beds were deposited before the 
granitic rocks of the region were exposed at the ground surface (GCO, 1988). 
3.4 Geomorphological Aspects 
3.4.1 General Information of GASP V 
The geomorphology of the study area reflects a complex Quaternary 
history of erosional and depositional responses to climatic change and sea 
level (eustatic) fluctuations superimposed on the major geological units. 
Individual landforms are continually evolving, as determined by the local 
balance between rapid weathering rates and denudation from seasonal 
precipitation. 
Unlike the in situ volcanics, a large proportion (32% or 973 ha) of the 
colluvium occurs on slope gradients of less than 5°. A further 1,249 ha lie 
between 5° and 15°, and 822 ha occur on slopes steeper than 15°. Much of 
the steep colluvium occurs within drainage lines and steep stream courses. 
These drainage lines discharge across the flatter footslope terrain, where 
thick deposits of colluvium are common. Footslope terrain which is subject to 
periodic inundation is important because the likelihood of slope failure there is . 
higher than that on adjacent relatively well-drained areas of colluvium. Within 
the Territory, there is considerable evidence of instability associated with low 
angle (less than 15°) colluvial slopes in this type of hydrological sett ing.. ‘ 
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Approximately 52% of the colluvial terrain with slope gradients up to 15° are 
areas of concentration of surface runoff. These areas will require careful 
planning and land use management to minimise the likelihood of slope 
failures. 
3.5 Erosion and Stability 
Plates 3.1 and 3.2 show the GASP Terrain Classification Database of 
the two study areas. In both areas, a large portion of the area is affected by 
some form of sheet erosion. Minor gully erosion is highly associated with 
drainage lines in the area. 
3.6 Vegetation 
The vegetation classification of the study areas is largely based on the 
WWF Vegetation Database. 
In the Dog Hill area (Plate 3.3 and Table 3.2)，a large portion of the hill 
is dominated by low shrub/grass (38.55%). The rest of the hill is covered by 
mostly tall shrubland (11.54%) and plantation woodland (10.07%). The 
vegetation cover in Hok Tau Reservoir (Plate 3.4 and Table 3.3) is mainly 
covered by grassland (33.12%) and tall shrubland (30.49%). Plantation 
woodland (16.03%), low shrub/grass (8.04%) and tall shrub/grass (7.89%) 
with a smaller areal extent. . 
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Plate 3.1 GASP Terrain Classification Map of Dog Hill area 
(refer to p. 84 and 85 for the description of the codes) 
Plate 3.2 GASP Terrain Classification Map of Hok Tau Reservoir area 
(refer to p. 84 and 85 for the description of the codes) 
‘ »i 
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Plate 3.3 WWF vegetation map of Dog Hill area 
(refer to p. 86 for the description of the codes) 
Plate 3.4 WWF vegetation map of Hok Tau Reservoir area 
(refer to p. 86 for the description of the codes) 
.»» 
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Table 3.2 Proportions of vegetation categories in Dog Hill area 
^ g e t a t i o n Percentages of the total area — 
.Low shrub/grass 38.55 
" U ^ 27.69 
Tall shrubland 11.54 
Plantation woodland 10.07 
Grassland 6.86 
Abandoned cultivation 




Table 3.3 Proportions of vegetation categories in Hok Tau Reservoir area 
Vegetation Percentages of the total area 
Grassland — 33.12 — 
Tall shrubland 30.49 
Plantation woodland 16.03 
Low shrub/grass 8.04 
Tall shrub/grass 7.89 
U2 — 2.11 — 
WA 1.54 
Low shrubland 0.45 
"Urb^n 0.25 
Abandoned cultivation 0.08 
3.7 Summary 
This chapter mainly reviews climatic situation of the rainstorm in 
September 26, 1993，geological, geomorphological, erosion status and 
vegetation of Dog Hill area and Hok Tau Reservoir area. The following 
chapter provides an account of the construction and manipulation of the . 
database in this study. 
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CHAPTER IV 
DATABASE CONSTRUCTION AND MANIPULATION 
This chapter discusses the design, construction, implementation and 
manipulation of database adopted in this study. Primarily, a database is to be 
constructed based on interpreting various data sources. The challenge is to 
integrate data in different forms from diverse sources into an integrated 
database. A Unix-based ARC/INFO geographical information system is used 
to handle the data on SUN Sparc Workstation. 
Four types of data are collected for this project. They are the analog 
data such as aerial photographs for the delineation of landslide boundaries, 
field survey for landslides’ dimension and parameters, 1:5000 topographic 
map sheets for the construction of Triangulated Irregular Network (TIN), GEO 
Terrain Classification Database and WWF Vegetation Database which are 
already in digital format. 
The chapter is organized according to the framework shown in Figure 
4.1. Four levels of procedures involved in the construction of a GIS will be 
discussed namely data collection, data input/conversion, data editing and 
database construction. Manipulation and preparation of data sets that are 
required before statistical analyses are then investigated. The procedures . 
involved the extraction of terrain variables from the TIN, the mirco-DEM 
created for a landslide unit, and lastly, data preprocessing of the dependent 
and independent variables in the logistic regression model. » 













































































































































































































































































































































































































































































4.1 Data Collection 
The data collection phase of the project is broadly divided into three 
parts, they are aerial photo interpretation (API), actual field reconnaissance 
and collection of existing data. 
The boundaries of various types of data in the two study areas are 
listed in the following table: 
Table 4.1 Minimum and maximum x,y coordinates (Hong Kong Metric Grid) 
of the two study areas 
(a) Dog Hill area 
H ^ u m x,y 835420,842380 — 
" I V ^ m u m x,y 836650, 843630 
(b) Hok Tau Reservoir area 
I M ^ u m x,y 836200. 838750 
" i ^ ^ m u m x,y 837350, 840200 
4.1.1 Aerial Photo Interpretation (API) 
Conventional panchromatic (black-and-white) and color aerial 
photography, used for stereoscopic viewing are the most common method of 
aerial reconnaissance. They are also adopted in this study. API is used to 
identify the locations and delineate the areal extent of landslides in the study 
areas. The precise locations of landslide boundaries can then be input in GIS . 
for areal and dimenion calculation and for linking to other coverages. 
Since vegetation on the landslide paths or slided areas is washed 
down during the incidence, the exposed scarps are lighter in color than the 
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adjoining non-slided unaffected terrains. Thus the scarps are easily identified 
by bright tone and fine texture due to lack of vegetation and presence of bare 
soil or rock surfaces. 
The debris trail material may take three forms: (1) it may stand out from 
the surrounding slopes; (2) it may be contained entirely in a drainage line or a 
depression on slopes created by itself; or (3) it may accumulate around the 
outlets of valleys. Where the slopes are short and steep and the movement 
is rapid, the entire depositional material may have reached the valley floor 
without much evidence on the slopes, leaving behind a light color trail or 
forming a texture different from that of the unaffected areas.‘ 
Tension cracks are occasionally evident in earth flows in which 
subsurface material has flowed from under the more coherent root-zone. 
Their presence at the crown area is characterizing recent or active landslides. 
Mostly, they take the form of cracking at the margin of an incipient debris 
slide. They could be identified as a light colored linear feature standing out 
from its surrounding. 
In some cases, the trail is hidden almost completely in relatively 
densely forested terrain. Sometimes, tree shadows prevent detection of 
slided areas. 
A portion of landslides in the study area are composed of more than 
one path. Slide paths, separated at higher elevations, tend to converge at . 
lower altitudes. A large portion of the scars were developed along valleys with 
thick accumulations of debris materials. 
•• 
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4.1.1.1 Landslip Inventory 
The field inventory of the mass movements was designed in order to 
collect information about the number and extent of such phenomena, their 
spatial distribution, and relationships with elevation, aspect and gradient of the 
hillslope’ lithology, vegetation cover etc. Additional information such as 
evidence of former movements, occurrence of gullies, sketches of the plan 
and profile views, percentage of debris mobilisation are also recorded. 
The slides phenomena of the two sites are best characterized by 
'shallow liquid slides' or 'debris flow' (Varnes, 1978). They are essentially 
shallow (less than 2 metres deep) spoon-shaped mass movements of surficial 
deposits. The slides probably started as a failure due to high pore pressures. 
Evidences of rapid liquid movement of the surficial deposits flowing down the 
hillslope is shown by the lack of major accumulation of materials at the foot of 
the scar. A total of 61 shallow liquid slides were identified in Dog Hill and Hok 
Tau Reservoir area with a mean surface area of 511.651 m^ and 447.119 m^ 
respectively. Plates 4.1 and 4.2 gives an example of main depletion scar in 
Dog Hill area. Plate 4.3 is an example of a debris trail. 
Much of the landslide location information was acquired from the aerial 
photographs taken on various dates: 
Table 4.2 Date and scale of photograph pairs . 
Thoto-Pair-No. Height Dates 
7 ^ 3 3 9 / A 3 6 3 3 8 4 0 0 0 f t 9-11-93 
^ ^ 3 3 8 / A 3 6 3 3 7 4 0 0 0 f t 9-11-93 
CN7012/CN7013— 5000ft 5-5-94 
CN7013/CN7014 5000ft 5-5-94 “ 
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Plate 4.1 Primary depletion scar in Dog Hill area 
麵 




Plate 4.3 Debris trail of a landslide unit in Dog Hill area 
• 
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The aerial photos were interpreted under a mirror stereoscope to detect and 
identify the sites and a real extent of landslide paths. 
4.1.2 Field Techniques 
Field survey in the region by staff of the Geotechnical Engineering 
Office (GEO) of the Civil Engineering Department in Hong Kong, in 
association with a group of university students from the Geography _ 
Department of the Chinese University of Hong Kong, lead to the collation of a 
comprehensive landslide database which describes the major landslides of 
the region. The database includes records of landslides with descriptive fields 
relating to landslide morphology and location. The record sheet titled "Slope 
Failure/Deposit Field Survey Sheet" developed by Mr. Jonathan P. King, 
geotechnical engineer, is attached in Appendix I. 
4.1.2.1 Slope Failure/Deposit Field Survey sheet 
The description of the survey sheet is attached in Appendix 11. The 
information in the survey sheet could be extracted from 4 levels: photo; aerial 
photo and map; field observations and field survey. The first part registers 
general information such as location, morphological position，distance to 
ridgeline, profile and plan curvatures of the scars. The second part records 
more detailed morphometric (length, width and depth of displaced mass, . 
debris mobilisation, etc.), environmental (vegetation, materials, geology, etc.) 
and natural slope information (plan curvatures, profile curvatures, gradient, 
aspect, topsoil thickness, etc.) of landslide units. The third part records similar 
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information of the debris trail. Information are registered in a tabular format 
organized according to the significant breaks of slope along the debris trail. 
The last part enlists mainly the dimensions of the terminal deposits. The rest 
of the survey sheet provides space for sketch maps and profiles of the 
landslide units drawn on site. 
When filling in the field survey sheet, the value zero may be entered for 
some variables whose values cannot be determined. When doubt exists 
about a variable, the user may enter a question mark by the code. When 
there is more than one answer possible for some variables, the dominant one 
should be entered first. 
4.1.2.2 Collection of Landslide Data 
The hardcopy survey sheet for the collection of field information allows 
consistency of the collected data to be checked during the field visit period, 
and provides a chance to identify the gaps in the data that need to be filled. It 
also allows observation points having abnormal, suspected or missing values 
to be revisited, or cross-checked with other data sources for verification. 
Furthermore, the sheet has spaces provided for extra information such as 
field sketches to be added on the sheet. Two demerits of the survey sheet 
though, are that parts of the sheet can be neglected or values outside the 
possible range can be entered. As a result, some researchers suggest the , 
use of small, hand-held inexpensive field computers that allows field 
information directly and immediately input into the computer on site. 
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However, there are still disadvantages of this method as it is difficult for the 
reseachers to remember details of the field situation. 
4.1.3 Collection of Existing Data 
The data collected are mainly 1:5000 topographic maps used forTIN-
generation, the GEO's Terrain Classification Map (Figure 4.1) and the WWF 
Vegetation Database. The terrain classification database was already 
available in digital format. Since it was originally created in Intergraph 
Microstation, data conversion has to be carried out before it could be 
compatible with UNIX-based ARC/INFO. For WWF Vegetation Database, 
since it is originally created in pcARC/INFO, it is interchangeable with our 
UNIX-based ARC/INFO directly. Procedures involved in the data conversion 
of the both sets of data will be discussed in the Data Input/Conversion 
section. 
4.1.3.1 1:5000 Topographic Maps 
Contour maps were entered automatically using scanners available at 
GEO. Four 1:5000 topographic maps with 10-m contour interval were 
scanned and vectorized. This job was done with the assistance of technical 
staff at GEO. Extensive editing has to be done after scanning which is very 
tedious and time consuming. Since the coverages were originally stored in . 
Intergraph Microstation, heights were assigned to the various contour lines 
using the MGE-MSM tag contour modules. Further details of the procedures 
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involved will be discussed in the section on Data Editing before the data is 
ready for TIN-generation in ARC/INFO. 
4.1.3.2 Terrain Classification 
The Hong Kong Geological Survey, part of the GEO is monitoring a set 
of geoscience database which includes terrain classification stored under the 
Intergraph's Modular Graphics Environment GIS software. GEO's Planning 
and Terrain Evaluation section has implemented a relatively simple system to 
handle terrain classification. Based on aerial photograph interpretation (API), 
areas are subdivided into small areas, or polygons. These are then digitized 
into the system and given attributes such as slope gradient, terrain type, 
surface material, land-use, erosion or instability status. 
Terrain Classification' is the mechanism by which a summary or 
inventory of physical land resources is produced. It involves the systematic 
classification of land into a mosaic of units, each of which represents a 
relatively uniform portion of the terrain. 
For the GASP District Studies, the following three main characteristics 
(attributes) are used for subdividing the terrain into land units: 
(a) slope gradient (6 classes); 
(b) terrain component and morphology (13 major classes); and 
(c) erosion and instability (5 major classes). , 
Slope gradient was grouped into six categories: 0 - 5°, 5 -15°, 15 - 30°, 
3 0 - 4 0。， 4 0 - 6 0。， > 6 0 ° . 
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Terrain component and morphology mainly registers the terrain 
characteristics of each land unit. Classes such as ‘sideslope，curvatures, 
‘footslope’ curvatures, 'drainage plain', 'cut' curvatures, 'fill' curvatures, 
‘waterbodies’ are registered. 
For the attribute 'erosion and instability', the surface condition of the 
terrain is classified into major forms of erosion. Presence of slope failures or 
instability is also recorded. Areas subjected to erosion are classified as 
'sheet', ’riir or 'gully' erosion. Each of these classes is further subdivided into 
three subclasses: minor, moderate and severe. There are three basic classes 
for intability: 'well-defined landslips', 'coastal instability', and 'general 
instability'. An additional category of 'no appreciable erosion' is used for those 
areas that show no evidence of either erosion or instability. 
The following paragraph lists the explanations of the classes discussed 
above. They are taken from GASP V Report (GCO, 1988). 
Erosion 
i) Sheet Erosion - This form of erosion produces extensive areas of bare 
ground devoid of vegetation. 
ii) Rill Erosion - This form of erosion is usually associated with cut and fill 
matters but may also occur on natrual terrain. It is characterised by numerous 
subparallel drainage rivulets, which produce a striated appearance and result 
in significant soil loss. . 
iii) Gully Erosion - This form of erosion produces deep dissection of the 




i) Well-defined Landslips - Most landslips on natural terrain are too small (<1 
ha in size) to be individually recorded on the Terrain Classifcation Map. 
ii) Coastal Instability - The form of instability is usually associated with marine 
erosion and undercutting of coastal slopes. 
iii) General Instability (Recent) - This form of instability relates to colluvial and 
insitu terrain where many failures and other evidence of instability occur, but it 
is not possible to show them as discrete units on a 1:20,000 scale map due to 
their small size. 
iv) General Instability (Relict) - This class is no less important in terms of 
constraints upon development than General Instability (Recent), since it may 
be reactivated by construction or earthworks. 
The complete terrain classification is presented in Table 4.3. The 
attribute data is presented on the Terrain Classification Map in an alpha-
numeric form, which enables the delineation of multi-attribute map units in a 
format which is convenient for storage and retrieval in a GIS. The data base 
thus represents a land resource inventory, from which a large number of 
derivative maps can be obtained by the retrieval of single- or multi-attribute 
codes. For example, a land unit labelled by the code '2Ga' represents a 
convex slope, at an angle of 5-15° composed of colluvium, in a footslope 
location, which contains a well-defined recent landslip (GCO, 1988b). , 
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Table 4.3 Terrain Classification attributes (Source: GCO, 1988b) 
GEO-Gradient Slope Gradient Code 
0 - 5 ° 1 
‘ 5 -15° 2 
15-30° 3 
30 - 40° 4 
40 - 60° 5 
> 6 0 ° 6 
GEO-Terrain Terrain Componet Code 
Crest or ridge A 
Sideslope - straight B 
-concave C 
-convex D 
Footslope - straight E _ 
-concave F 
-CO门vex G 
Drainage plain H 
Floodplain I 
Coastal plain K 
Littoral zone L 
Cliff/Rock outcrop M 
Cut - straight N 
-CO门cave O 
-CO门vex p 
Fill - straight R 
-concave S 
-convex T 
General disturbed terrain V 
Reclamation Z 
Alluvial plain X 
Waterbodies - Natural stream 1 
-Manmade channel 2 
-Water storage dam 3 
- Fish pond • 4 
84 
Table 4.3 (continued) 
GEO-E&I Erosion Code 
No appreciable erosion 
Sheet erosion - minor 1 
-moderate 2 
-severe 3 
Rill erosion - minor 4 
-moderate 5 
-severe 6 
Gully erosion - minor 7 
-moderate 8 
-severe 9 
Well- - integral - recent a 
defined - relict b ~ 
landslip - scar - recent c 
> 1 ha - relict d 
in size - debris - recent g 
-relict k 
Develop- - integral - recent n 
ment of - relict o 
general - scar - recent p 
instability - relict r 
-debris - recent s 
-relict t 
Coastal - integral w 
-scar y 
- debris z 
The bounding limits of the portion of the GASP V database used in this 
study are defined by the coordinates of the lower-left corner (835000E, 
835000N) and the upper-right corner (840000E,844000N). The coverage 
...• contains 2,661 polygons of homogeneous land units. 
4.1.3.3 WWF Vegetation Database 
WWF for Nature Hong Kong (1993) compiled an ecological database ‘ 
using ARC/INFO. Only the vegetation database is used for compiling the data 
for this study. The WWF data are based on API at a scale of 1:50’000 for 
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Hong Kong with 34 land cover categories (and an additional 16 mixed 
categories), 5 urban categories and bare soil. 
It should be noted that vegetation is broadly classified into 5 groups -
Woodland, Plantation woodland, Tall shrubland, Low shrubland and 
Grassland. However, the actual database contains mixed categories such as 
Tall shrub/Grass and Low shrub/Grass as well. Detailed description of the 
landcover categories is shown in Table 4.4. 
Table 4.4 Land cover categories used in the WWF Vegetation database 
(Source: World Wide Fund for Nature Hong Kong, 1993) 
WWF-Vegetation Land Cover Categories Code 
Urban U 
Mangrove M 
Other Wetland OW 
Cultivation C 
Abandoned Cultivation AC 
Woodland W 
Plantation Woodland PL 
Tall Shrubland T 
Tall Shrub/Grass T/G 
Low Shrubland L 
Low Shrub/Grass L/G 
Grassland G 
Sites with hillside graves and abandoned hillside terraces were also 
mapped. With this database, the examination of how different vegetation 
covers relate spatially with landslide sites will illustrate what role does different 
vegetation covers play in stabilizing slopes. The Sheet 3 coverage contains 
1,227 polygons, each representing a homogeneous unit of vegetation. 
4.2 Data Inupt and Conversion 
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4.2.1 Digitizing of Data 
4.2.1.1 Landslip Capture in Stereocord 
Analytical plotter - Stereocord is used as a data capturing device for all 
of the landslide boundaries. Four sets of aerial photographs are used to 
record the landslide inventory based on the rainstorm in September. Table 
4.5 shows the photo-pair-number used in the inventory. 
Table 4.5 Photo-pair-number list 
Photo-Pair-No. f (mm) hg (m) 
7[5"6339/A36338— 152.12 '1219.512 
A36338/A36337 152.12— 1219.512 
"CN7012/CN7013~ 152.12 1524.390 
CN7013/CN7014 152.12 1524.390— 
Stereoscopic plotting instruments are designed to provide accurate 
object positions from their corresponding image positions on stereoscopic 
pairs of photos. Three phases of orientations namely, interior, relative and 
absolute orientations are required with all analogue stereoplotters prior to 
going into most modes of operation. 
Analytical plotter is used to form a mathematical model based on the 
collinearity equations. Input for the creation of a model consists of camera 
interior orientation parameters, ground control coordinates of control points, 
and image coordinates measured by the instrument itself. After a model has 
been created, model coordinates and other forms of useful data could be 
extracted. In this study, stereocord is used as a data capturing device for 
landslide boundaries to be inputed into a graphical coverage in a GIS. 
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In interior orientation, information input into the analytical plotter are 
used to correct for lens distortions, atmospheric refraction and earth 
curvature. Basically, the principal distances of the aerial photos and fiducial 
coordinates are input to the computer. A range of two to eight fiducials can be 
measured, more are recommended to increase accuracy. The computer then 
uses least squares to solve a coordinate transformation, to locate the principal 
points of the photos and determine the relationships of the two photo 
coordinate systems in relation to its image coordinate measurement systems. 
Residuals for this solution will be displayed so that the operator could either 
accept or reject the fiducials. He could remeasure the fiducials until he 
accepts them. 
For relative orientation, machine image coordinates are measured at a 
minimum of five points. Most analytical plotters can take up to twenty or more 
points for this phase of orientation. The computations are performed based on 
least squares. Again the residuals are displayed, the operator has the options 
of discarding certain points, adding others or accepting the solutions. 
In absolute orientation, ground coordinates of all control points are first 
input to the computer. The reference marks on the corresponding 
stereoscopic images of the ground control points are then recorded. A 
minimum of two horizontal and three well-spread vertical points are required. 
More points are however, recommended so that least squares solution could . 
be made. The computer will then solve a three-dimensional coordinate 
transformation to determine the parameters that relate the model coordinate 
system to the ground counterparts. “ 
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With the three steps of orientation completed, and the associated 
parameters all in memory, an operator merely need to set the floating mark on 
any unknown point, the computer can instantaneously calculate ground 
coordinates of the point (Wolf, 1983). 
Before the Stereocord could function properly, a mathematical model 
discussed above has to be set up. Table 4.6 shows the results of relative and 
absolute orientation: 
Table 4.6 Parameters of the Stereocord's mathematical model 
Photo-Pair-No. Residual Y-Parallaxes X丫 Residuals: Z Residuals: 
(mm): 
" ^ 3 3 9 / A 3 6 3 3 8 — 0.0190 0.9548 "o^852 
" ^ 3 3 8 / A 3 6 3 3 7 0.0245 0.8839 "5^050 
W7012/CN7013 0.0289 1.4500 | 0.2372 
Black-and-white and color aerial photographs are manually interpreted under 
Stereocord to detect and delineate the boundaries of primary depletion scars 
and respective debris trails. The interpretation is carried out by examining 
photo tone and textures. 
x，y，z values (in ASCII format) of the delineated outlines on the large-
scale aerial photos are first captured in the analytical stereoplotter. Figure 4.2 
gives an example of such data. Landslide registration and mapping in Hong 
Kong Metric Grid were done in a scale of 1:1000 (Figures 4.3 and 4.4). The . 
digital information was then transferred to a GIS polygon coverage through 
ARC/INFO Generate command. ARC/INFO Build command attached an 
attribute table to the polygon coverage. Figure 4.5 illustrates the procedures 
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Type 1 file. 
Project: West Hok Tau 
File created by A Hansen on 09-28-1994 
File last accessed by A Hansen on 09-28-1994 at 18:40:03 
Group = 37 Record = 787 
3 3.000 140.000 0.000 
-3 836476.307 838758.317 239.524 
3 836480.760 838763.506 241.952 
3 836490.861 838762.694 242.501 
3 836507.399 838753.852 219.493 
3 836498.678 838753.157 224.310 
3 836482.594 838755.619 235.919 
3 835175.870 838757.292 238.210 
3 836475.870 838757.292 238.210 
999 
3 3.000 140.000 0.000 
•3 836582.114 838769.419 169.429 
3 836585.246 838772.725 169.750 
3 836589.557 838770.053 163.339 
3 836596.828 838765.872 158.626 
3 836590.165 838763.487 160.705 
3 836582.152 838768.971 167.399 
3 836648.738 838871.434 156.539 ~ 
3 836652.489 838876.344 154.150 
3 836678.950 838875.256 128.585 
3 836667.546 838873.906 140.440 
3 836659.311 838869.824 140.127 
3 836651.466 838867.863 148.320 • 
3 836648.329 838870.115 153.185 
3 836648.329 838870.115 153.185 
999 
3 3.000 140.000 0.000 
-3 836433.609 838865.879 211.844 
3 836431.681 838869.571 210.299 
3 836432.189 838871.751 210.265 
3 836433.453 838873.406 205.241 
3 836435.210 838875.337 204.642 
3 836438.069 838878.068 204.705 
3 836439.094 833875.340 208.136 
3 836438.348 838872.797 207.910 
3 836435.143 838866.907 209.517 
3 836433.181 838866.576 211.267 
3 836433.181 838866.576 211.267 
999 
3 3.000 140.000 0.000 
-3 836390.452 838916.520 198.960 
3 836392.123 838918.506 199.263 
3 836395.387 838917.776 196.117 
3 836398.540 838918.187 196.489 
3 836403.078 838919.589 197.065 
3 836409.005 838919.933 192.568 
3 836410.155 838913.746 195.111 
3 836399.775 838911.360 194.017 
3 836394.251 838910.153 198.402 
3 836390.654 838918.498 200.720 
3 836390.652 838918.416 200.715 
999 
3 3.000 140.000 0.000 
-3 836407.514 638951.698 183.414 
3 836406.828 838954.558 183.507 
3 836411.041 838957.646 184.148 
3 836422.350 838963.308 172.241 
3 836426.102 838964.550 172.985 
3 836430.718 838963.248 168.210 
3 836437.353 838965.238 168.993 
3 836448.163 838971.353 163.983 
3 836455.739 838975.996 157.359 . 
3 836462.020 838979.292 158.195 
3 836464.888 8389177.050 155.823 
3 836460.169 838972.112 158.969 
3 836442.332 838961.649 168.84B 
3 836428.289 838953.387 170.207 
3 836413.040 838947.645 177.070 
3 836406.929 838952.827 182.975 
3 836406.929 838952.827 182.975 
Figure 4.2 ASCII data obtained from Stereocord 
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Figure 4.3 Graphical data obtained from Stereocord 
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Figure 4.4 Graphical data obtained from Stereocord 
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X，y, z coordinates 
(binary) 
ASCII converter 
1 ‘ 一 
x’y’z coordinates 
(ASCII) 
ARC - GENERATE 
Polygon Coverage 
(x’y coordinates) 
ARC - BUILD 
I 
Polygon Attribute Table 
(PAT) attached 
Figure 4.5 Flowchart showing the conversion of Stereocord 
data (binary) to ARC/INFO coverage 
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required for converting the Stereocord binary data to a ARC/INFO coverage. 
In total, sixty-one landslide scars were interpreted in the two study areas. 
Plate 4.4 and 4.5 show the landslide units captured from Stereocord in the 
Dog Hill area and Hok Tau Reservoir area respectively. The various landslide 
units in the coverage and their respective accompanying relational tables are 
linked by a unique label. 
4.2.1.2 Data Conversion 
4.2.1.2.1 Topographic Maps - Scanning and Vectorization 
For the Hok Tau Reservoir area, the TIN surface model is created from 
one data source: 10-m interval contour maps. Four contour maps are 
scanned, vectorized, edge-matched, and the initial data editing is done in the 
Intergraph's MSG module. Heights of each contour is tagged into the line 
coverage in the MSG module as well. A line coverage containing isoiines 
representing contours is then imported into ARC/INFO in order to create a 
TIN. 
For the Dog Hill area, two types of coverages are utilized, namely line 
coverage containing contours and point coverage containing surface values 
for peaks and pits. Each point in the coverage is input as a mass point of 
equal significance in terms of its definition of the surface. 
4.3 Data Editing 
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* 
Plate 4.4 Landslide units in Dog Hill area 
I . 
Plate 4.5 Landslide units in Hok Tau Reservoir area 
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Data editing is an important step to build up topological relationships of 
the coverage, which are essential for querying, analyzing and displaying the 
data. 
4.3.1 Line Cleaning for the Landslide Coverage 
After the x’y’z coordinates in ASCII format have been generated to a 
landslide coverage, editing efforts are spent on cleaning the lines that make 
up the landslide polygon. Since there are hundreds of points captured 
through Stereocord for each landslide unit, and they are not in the right order, 
the polygon which is generated from the ASCII data requires efforts in line-
cleaning before it could be used as the graphical data for the landslide 
coverage. Line-splitting procedures are involved. Points are deleted in areas 
inside and outside the landslide units. A line that separates the two main 
components of a landslide unit, namely primary depletion scar and debris trail, 
is placed wherever they are deary discernible. 
4.3.2 Line Cleaning and Height Tagging for Topographic Map 
Tremendous line editing procedures are required for both line 
coverages in the two study areas. Many breaks of line are found in them. 
The original manuscripts for scanning are mylar sheets of contour lines. 
Breaks are found in areas where contour labels are found in the published . 
topographic maps. Thus, extensive line-joining efforts are spent on almost 
every contour. 
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For once-and-for-all height-tagging of individual contour, a complete 
line feature is ensured for each contour. The maximum vertices that a line 
feature can take on is 500. Additional lines are then required beyond that 
limit. Thus, supplementary height-tagging efforts are also required for the rest 
of the contour. In cases where there is a node in the contour, special efforts 
are paid to 'unsplit' the line before height-tagging to reduce amount of editing 
task which will be required otherwise. 
Contour tagging is done in Integraph MGE-MSM modules. After the 
elevation and the working scale (10 m for 1:5000) have been specified, 
multiple contours can be tagged at once. First, indicate the initial value (for 
example zero meter for coastline). Then, place a line that cross the lowest to 
highest contours. The tagging task will be completely automatically. 
4.3.3 Editing on Terrain Classification 
Since the original purpose of the data in GEO was meant to be for 
display only, tremendous efforts were paid in ensuring that the digitized 
coverage is free of spatial errors. The task mainly involves the assurance of 
the closure of polygons and the tagging of labels back to their belonging 
polygons. Data editing is an important step to build up topological 
relationships of the coverage, which are essential for querying, analyzing and 
displaying the data. . 
4.4 Database Construction 
4.4.1 Data Base Design “ 
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The two components in a GiS data base design are.the graphical and 
the attribute data base. This section mainly discusses the design of landslide 
database in the study. 
4.4.1.1 Graphical Data Base 
In regard to the graphical data, information could be stored as various 
entities, namely points, lines and polygons. 
Table 4.7 shows the format in which various graphical coverages are 
stored. The four graphical data sets are as follows: 
a) Boundaries of all landslip units (composed of primary depletion scars, and 
respective debris trails) in the study area, with accompanying tables in the 
attribute data base. A total of 61 landslide units are recorded. 
b) Scanned and vectorized 1:5000 topographic maps. Contours, scanned 
from four 1:5000-scale maps with contour interval of 10 m. Spot heights are 
included. 
c) GEO Terrain Classification map with accompanying tables in the attribute 
database. 
d) WWF Vegetation Database with accompanying tables in the attribute 
database. 
Table 4.7 Graphical format of various coverages . 
a) Landslide distribution coverage polygon 
b) DEM -10 m contours with spot heights line and point 
c) GEO Terrain Classification polygon 
d) WWF Vegetation Database polygon 
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4.4.1.2 Attribute Data Base 
Each landslide unit has its own unique label. There are two basic 
components in a landslide unit: the primary depletion scar and the respective 
debris trail sections. For simple referencing, scarps and respective debris 
trails share the same label number (LANDSUDE#). 
Since each landslide unit is divided into two parts, the whole attribute 
data base is likewise divided up into two basic files - the depletion scar's file 
and the debris trail's file. 
In order to store data in a logical and reasonable manner, temporary 
connections between each record in one data file and corresponding records 
in another data file is established with a relate option. A relate uses a 
common item to establish connections between corresponding records in two 
tables. A common item such as the LANDSLIDE# is used to establish the 
relate. The common item is also referred to as a key. It acts as a unique 
identification of each instance of its members. Thus, LANDSUDE# is the 
unique identifier for each instance of a landslide unit. The relationship of the 
database is said to be one to many, i.e. a landslide unit contains many 
sections, but a section can only belong to one and only one landslide unit. 
The entity which participates only once (i.e. section) will carry the foreign key. 
There are many reasons for implementing one-to-many relates, where 
geographic feature has multiple sets of attributes. Consider Table 4.8 of . 
recording scar and debris trail information: 
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Table 4.8 Polygon attribute table of LANDSLIDE.PAT 
LANDSLIDE DATE-SLIDE NS_ SECTI0N1_ SECTI0N2_ SECTI0N3一 SECTI0N4一 SECTIONS一 
. # GRADENT DISTANCE DISTANCE DISTANCE DISTANCE DISTANCE 
~ 9/26/93 ^ 55 24 0 0 0 
~2 9/26/93 34 40 35 15 30 ^ 
" 3 9/26/93 32 ^ 0 0 0 0 
Let's consider the problems in storing the data this way. Not all of the 
landslide units have more than one section of debris trail. In cases where 
landslide units having debris trail sections fewer than 5, there will be a waste 
of storage space in INFO. This is because INFO data types are fixed length, 
so even if there is no data associated with a section number, it still takes up 
storage space in the database. For example, sections 3，4 and 5 of 
LANDSLIDE# 1 still takes up storage space even though such sections do not 
exist at all. 
In addition to the storage space problems, this type of database 
structure is hard-to-maintain and is inefficient. It is inflexible and it needs 
updating constantly. The structure has to be modified and additional items 
added when there is a landslide having more then 5 sections of debris trail. 
Also, ARC/INFO's topology building processes work more rapidly with fewer 
item, narrower feature attribute tables. 
Table 4.9 and 4.10 illustrate a better storage schema which lessens 
storage space in the database. It has a more normalized data relationship by 
introducing an additional related table called SECTIONS.DAT (Table 4.10). 
\ -
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Table 4.9 Polygon attribute table of LANDSLIDE.PAT (Revised) 
LANDSLIDE DATE—SLIDE NS_ 
^ # GRADIENT 
1 9/26/93 E 
~2 9/26/93 ^ 
~3 9/26/93 ^ 
Table 4.10 Data attribute table of SECTIONS.DAT _ 
L A N D S L I D E S S E C T I O N * D I S T A N C E ” " " 
1 i 
1 2 24 
~2 i 40 
1 2 35 
~2 3 15 
1 4 ^ 
1 5 40 
~3 i 35 
Storing data this way is called the First Normal Form. In that, it 
eliminates repeating groups and decompose composite attributes. 
SECTION#，DISTANCE and the other attributes which describe different 
sections of the landslide's debris trail are repeating groups. Setting a 
maximum of five sections is not an efficient solution. Accommodating 
additional sections would be cumbersome. Thus, seperatihg this repeating 
group from the LANDSLIDE.PAT will eliminate this restriction. The new entity 
SECTION.DAT requires a joint key (LANDSLIDE#) to identify instances of 
multiple sections. 
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It should be noted that not all landslide unit in the data bank has debris 
trail sections. Some units are too small to be defined as genuine landslides. 
A major landslide, according to GEO 1992, is defined as a failure in which the 
volume of the collapsed mass exceeded 50 m^. There is a piece of 
information in the general polygon attribute table (PAT) which records the 
number of sections a particular scar owns. Therefore, the user of the system 
can check with this tag before moving to different relational tables to look for _ 
information concerning the trail he is interested. 
Figure 4.6 is the complete design of the landslide database. There are 
two main sets of files for each landslide units: the primary depletion scar's and 
the debris trail's. Primary depletion scar has four files, in the form of PAT. 
They are the GENERAL, NATSLOPE, NATENVIRON and DIMENSION PAT. 
GENERAL PAT records general information such as a unique identifier for the 
landslide unit, estimated date of slide, date of mapping, elevation at the 
headscarp, relative distance to the crest, the number of sections that it has, 
etc. NATSLOPE enlists information of the natural slope such as profile 
curvature, plan curvature, gradient, aspect, exposed soil thickness, and the 
incorporation of data from TCM and TIN. NATENVIRON PAT records data of 
the natural environment of the landslide unit such as materials exposed in the 
scar, vegetation, geology etc. The last file DIMENSION records data on the 
scar's dimension. The set of files belongs to the debris trail are similar to the . 
depletion scar's. The only difference is that it shares the same GENERAL file 
with its depletion scar. Thus, the debris trail has only three files. 
��• 
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Landslide# Date_of_ Date_of_ Location Sample— DEM- Distance_from_ #_of_sections~ 
Slide Mapping Elevation crest 
NATSL0PE1.PAT 
Landslide* Profile Plan Natural_ N a t u r a l _ G E O - G E O - DEM- DEM- Exposed— Topsoil_~ 
Slope_ Slope_ Terrain Gradient Gradient Orientation Soil_ “ Thickness ~ 
Gradient Orientation Thi(±ness 
NATENVIR0N1.PAT 
Landslide* Materials— Vegetation WWF- Previous— GEO-
ExposedJn_ Vegetation Failure Erosion_&_ 
Scar Instability — 
DIMENSI0N1.PAT 
Landslide# Headscarp_ Headscarp_ Scarp_ Scarp_ Displaced— Displaced— Displaced. Debris一 Materials, 
Gradient Orientation Floor_ Floor_ Mass_ Mass_ “ Mass_ “ Mobilisation in_ _ 
Gradient OrienTalion Depth Width Length Displaced 
Mass 





Landslide^ Section# Distance Slope一 GEO- GEO- DEM- DEM-
Gradient Terrain Gradient Gradient Orientation 
NATENVIR0N2.PAT 
Landslide* Section* Substrate Vegetation WWF- Drainage— GEO-
Vegetation Line_ Erosion_&_ 
Order Instability — 
DIMENSI0N2.PAT 
Landslide* Section* Length Width Deposi t ion—Erosion_%_Deposi ted Deposition 
； ^ Thickness Volume —Type 
Figure 4.6 The complete design of the landslide database 
•‘ 
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In collecting factual, measured field data, the subjective evaluation of 
field conditions by the earth scientists plays an important role. Since all earth 
scientists are not equally experienced, information they collect on field varied 
to a certain extent. It is obvious that data collected by the most experienced 
earth scientist on field reflects the highest accuracy. In order to evaluate the 
quality of information obtained from field, a special effort was paid to record 
the accuracy level of each piece of information. An accuracy scale was 
devised to perform such task. The various categories along the scale are a) 
actual measurement on field; b) extraction of data from other coverages; c) 
measurement on supporting documents e.g. aerial photos;.topographic maps; 
d) estimates on field; e) estimates on field from a distance. This helps to 
upgrade the reliability of collected information where less experienced earth 
scientists are responsible for the collection of field data. 
4.4.2 Creation of a Triangulated Irregular Network (TIN) 
For the Hok Tau Reservoir area, the TIN surface model is created from 
one data source: 10-m interval contour maps. Four contour maps are 
scanned, vectorized, edge-match, and the initial data editing is done in the 
Intergraph's MSG module. Heights of each contour is tagged into the line 
coverage in the MSG module as well. A line coverage containing isolines 
representing contours is then imported into ARC/INFO in order to create a . 
TIN. 
For the Dog Hill area, two types of coverages are utilized, namely line 
coverage containing contours and point coverage containing surface values 
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for peaks and pits. Each point in the coverage is input as a mass point of 
equal significance in terms of its definition of the surface. 
Once a TIN has been created, it can be analyzed and displayed in 
three-dimensional or perspective views. Plates 4.6 and 4.7 show the 
perspective three-dimensional view of the Dog Hill Area and Hok Tau 
Reservoir area with landslides (polygon coverage) draped on the surface. 
ARC/INFO offers precise orientation of the surface view by specifying point of 
observation, absolute coordinates, view angles, distances and vertical 
exaggeration. Other TIN's surface modeling capabilities that were used in this 
study includes: interpolation of surface z values; calculation of slope, aspect, 
surface area, and surface length; and generation of profiles over one or more 
surfaces. 
4.5 Data Preparation and Pre-analysis Manipulation 
4.5.1 Extraction of Terrain Variables from TIN 
After a TIN is created from contour maps and spot heights in the two 
study areas, variables such as elevation, gradient, orientation, landslide 
dimensions are derived for each landslide unit and the sample points. In 
addition to the landslided sites, sample points are randomly taken on the two 
study areas for obtaining information of the topographic and environmental 
conditions on the ‘undisturbed’ or 'stable' locations. The following sections . 
review on the procedures involved in extracting the data at those sites. 
4.5.1.1 TIN'S Derived Variable - Elevation 
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Plate 4.6 Landslide coverage draped on Dog Hill block diagram 
Scale: 1:10,000 
Plate 4.7 Landslide coverage draped on Hok Tau block diagram 
Scale: 1:5,500 
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The elevation or the z values for the center point of each headscarp 
are derived from the surface model. In cases where the location is out of the 
original spot heights, z values will be interpolated based on z values of 
neighboring points. 
Elevation or surface z values at the center point of each headscarp are 
obtained from the model. It could be done by overlaying the landslide 
coverage with the TIN, and interactively pointing at the interested point on the _ 
planimetric display or surface view. Plate 4.8 illustrates an example in Ping 
Fung Shan (portion). 
The z values of the sample points in the two study area during the 
analysis stage are automatically extracted by the TINSPOT command. The 
sample point coverage is first overlaid on the TIN. The interpolated z values 
are then written to a new item which is added to the Point Attribute Table. 
The <coverage>-id is used to identify point locations with their associated z 
values. 
Another way to extract elevations of sample points from the model is to 
point interactively at the planimetric display with the screen cursor. The 
SURFACEVALUE command returns the z value of the point on the current 
surface. 
4.5.1.2 TIN'S Derived Variable - Gradient . 
The gradient of a surface generated by TIN refers to the maximum rate 
of change in z values across a region of individual triangular facets. It is 
measured as an angular measurement in degrees. Gradient at the center 
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_ 
Plate 4.8 TIN of the Ping Fung Shan Area (Portion) 
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point of each headscarp is derived from the triangular facet that it belongs to. 
This is again done by overlaying the landslide coverage with the TIN. The 
extraction of data is done by interactively pointing on the planimetric display of 
TIN. 
4.5.1.3 TIN'S Derived Variable - Orientation 
The orientation of a surface is the compass direction maximum rate of _ 
change in z in the downward direction. It is expressed in positive degrees 
from 0 to 360，measured clockwise from the north. The extraction of data is 
carried out by the similar procedures as gradient. 
4.5.1.4 TIN'S Derived Variable - Dimensions (Surface Distance) of 
Landslides 
The dimensions of the landslides is best and most realistically 
measured in surface distance. In order to measure such dimensions, the 
landslide coverage is first draped over the TIN. A line coverage that defines 
all landslides' dimensions is created first. Measurements are then taken 
automatically and directly from the axis that defines the landslides. The slope 
distance is written in a new item added to the Arc Attribute Table (AAT). 
4.5.1.5 Micro-DEM and Profile . 
In addition to the boundaries of landslide units, points will also be 
captured in places inside the units especially where vegetation patches, trees 
or logs of woods could be found. They could help as reference points to 
� -
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relate a specific point in one photo with the respective point at another. Since 
both x，y and z values are obtained for each point, a micro-DEM could then be 
built from the points obtained from a single landslide unit (Figure 4.7). If the 
data are in good accuracy, volumes of the scar materials depleted could then 
be calculated from the model. This is done by subtracting the micro-DEM 
from the intact DEM created from the topographic maps. 
After a section line has been determined on the surface model, a _ 
profile graph will be drawn for that particular line. This is particularly useful in 
the study for examining the landform conditions on pre-slip. situations if it is 
constructed on the original DEM. 
4.5.1.6 Weighting Method Adopted in Calculating the Gradient and 
Orientation of Primary Depletion Scar 
In cases where the boundary of the headscar can be identified during 
API, a weighted average (sum of all the value multiplied by its respective 
triangular area, divide the sum by the total triangular area within the primary 
scar) of gradient and orientation is calculated. The procedure is assisted by 
the ARC Macro Language, which is a high-level algorithmic language for 
generating end-user applications. 
4.5.2 Data Preprocessing . 
The following table lists all the independent or predictor variables which 
could be measured at each sample point based on secondary sources - GEO 









































point, they report the landslide's outcome - whether landslide has occurred -
as well as values for various variables that might be predictors of landslide 
outcome. 
Table 4.11 List of dependent and independent variables which were derived 
from secondary sources of data at each sampled points. 
"VARIABLE DESCRIPTION TYPES — 
Slip Landslide's outcome. Coded 1 if landslide occurred, 0 if category 
landslide was not occurred. " 
DEM-Elevation Elevation (m) where headscarp is situated. It is measured numeric 
above Principal Datum which is approximately 1.2 m below 
Mean Sea Level. 
DEM-Gradient Natural pre-slide slope in degrees dip. numeric 
DEM-Aspect Natural pre-slide azimuth expressed in positive degrees from 0 numeric 
to 360, measured clockwise from the north. . 
GEO-Gradient Slope Gradient Code category 
0 - 5 1 





GEO-Terrain Terrain Component Code category 
Crest or ridge A 
Sideslope - straight B 
-concave C 
-convex D 
Footslope - straight E 
-concave F 
-convex G 
Drainage plain H 
Floodplain I 
Coastal plain K 
Littoral zone L 
...• Cliff/Rock outcrop M 
Cut - straight N 
-concave O 
-convex p 
Fill - straight R 
-concave S 
-convex T 
General disturbed terrain V ‘ 
Reclamation Z 
Alluvial plain X 
Waterbodies - Natural stream 1 
-Manmade channel 2 
-Water storage dam 3 
- Fish pond 4 
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Table 4.11 (continued) 
GEO-E&I Erosion Code category 
No appreciable erosion 
� Sheet erosion - minor 1 
-moderate 2 
-severe 3 
Rill erosion - minor 4 
-moderate 5 
-severe 6 
Gully erosion - minor 7 
-moderate 8 
-severe 9 
Well- - integral - recent a 
defined - relict b 
landslip - scar - recent c ~ 
> 1 ha - relict d 
in size - debris - recent g 
-relict k 
Develop- - integral - recent n 
ment of - relict o 
general - scar - recent p 
instability - relict r 
-debris - recent s 
-relict t 
Coastal - integral w 
-scar y 
- debris z 
WWF-Vegetation Land Cover Categories Code category 
Urban U 
Mangrove M 
Other Wetland OW 
Cultivation C 
Abandoned Cultivation AC 
Woodland W 
Plantation Woodland PL 
Tall Shrubland T 
Tall Shrub/Grass T/G 
Low Shrubland L 
Low Shrub/Grass L/G 
Grassland G 
Geological Materials Code category~~ 
materials Colluvium 1 
In situ 2 
Others 3 
Dist_to一Ridge Distance (m) up slope to the first reversal of slope.' numeric 
Nominal and ordinal variables such as aspect, geological materials， ‘ 
slope gradient (TC1), terrain component (TC2), erosion and instability (TC3) 
and vegetation are categorized into different classes in order to fulfil the 
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requirements of chi-square contingency test mentioned in the following 
chapter. Ratio variables are also categorized for easy manipulation of data. 
Slope gradient was grouped into three categories: <15 m, 15-30 m and 
>30 m. 
Slope aspects extracted from the DEM are classified into eight 
categories: N (337.6° - 22.5°); NE (22.6° - 67.5。)； E (67.6° -112.5。)； SE 
(112.6�-157.5°); S (157.6° - 202.5°); SW (202.6° - 247.5°); W (247.5° - 292.5 _ 
。 )；N W (292.6° - 337.5°). 
TC2 and TC3 are classified according to the GEO's Terrain 
Classification system. 
For geological material, the classification follows the outlines stated in 
the GASP Report V (GCO, 1988b). All footslope terrains such as Footslope-
straight (E), Footslope-concave (F), Footslope-convex (G) and drainage plain 
{H) correspond to colluvium. On the other hand, all sideslope terrains such as 
Sideslope-straight (B), Sideslope-concave (C) and Sideslope-convex (D) by 
definition consisting of in situ materials. 
4.6 Summary 
The construction and manipulation of database in this study have been 
discussed. After the challenge of integrating data from a variety of sources, 
the task now focuses on the procedures involved in the statistical analyses . 
undertaken in this study. 
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CHAPTER V 
STATISTICAL ANALYSIS OF LANDSLIDE DISTRIBUTION 
The main purpose of this chapter is to find out which environmental 
and terrain parameter has significant bearing to landslide susceptibility in the 
two study sites: Dog Hill area and Hok Tau Reservoir area. The investigation _ 
is based on multi-data sets. From literature review, natural landslide activity is 
found to be related to a number of parameters, such as slope gradient, 
orientation, elevation, terrain characteristics, erosion status, vegetation and 
geological materials. The variables are subjected to two levels of statistical 
tests. First, they are tested individually with the occurrence of landslides. 
Then, they are collectively tested to measure the contribution of each 
individual factor to landslide occurrences. The quantitative results generated 
from overlay analyses in a GIS environment are then exported to SPSS 
program for further statistical analyses. Statistical analyses included 
descriptive analyses, hypothesis-testing and logistic regression analyses. 
The analyses are discussed in the following sections. First of all, the 
sampling frame and sampling procedures of the two study areas are 
discussed in turn. Secondly, the independent variables of the analysis are 
listed. Then, the eight variables of the landslide scars are examined in turn in . 
the two study areas. Justifications are then made on the combinations of two 
study areas for further statistical analyses based on statistical results and 
geological background. Next, the same tests on the parameters are “ 
S-
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exercised again but on the combined samples from the two areas. The 
following section then presents logistic regression modelling procedure 
applied to various sets of spatial data describing the terrain and environmental 
conditions in the two sites. The resulting model is mapped via GIS overlay 
facilities in the GRID module (raster based) GIS in ARC/INFO. The accuracy 
of the model is then determined by testing against the original sampled data. 
5.1 Sampling 
This section mainly focus on the comparison of the distribution of 
variables between no-slip and slip sample points found in the two study areas. 
Owing to the fact that the portion of area covered by landslip paths is very 
small compared to the individual study area, simple sampling method will 
probably not able to pick points on the landslip units. Thus, two levels of 
sampling procedures are required. There are two sets of sampling points 
generated in each study area. The way no-slip points are generated is 
discussed in sections 5.1.1.1 and 5.1.1.2. For the sampled points which are 
affected by landslip, they are picked from the center point of each headscarp. 
Thus, a total of 61 points are recorded in the two study areas. These points 
are considered as the most representative points of the whole landslide units 
since they are where the land mass has started to fail. 
• 
5.1.1 Sampling Frame 
The number of the no-slip sampled points in two areas is determined 
by the maintenance of a constant 2:1 ratio in no-slip versus slip points. Thus, 
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80 points are sampled in the Hok Tau Reservoir Area. In Dog Hill, 60 points 
are sampled instead (more than the required 40 points) since a portion of 
them fall into areas where landslips are very unlikely to occur, such as in 
concrete roadways and built up areas. Those points are discarded 
automatically in the analyses. 
5.1.1.1 Simple Random Point Sampling . 
Eighty point samples are being selected in the Hok Tau Reservoir Area 
(Plate 5.1) The coordinate system allows clear identification of locations 
within the sampled area. The designation of the (x,y) coordinate pair 
identifies a unique position within the sampling frame. A GIS software 
package IDRISI allows an automated generation of random sampling points in 
a GIS environment. The list of (x,y) coordinate pairs is then transferred to 
ARC/INFO for generation of a sample point coverage. 
5.1.1.2 Stratified Random Point Sampling 
Locational or spatial unevenness，a natural consequence of 
randomization process caused problems in the Dog Hill Area. Many sampled 
points fall into areas where landslides are improbable to occur, such as water 
bodies，flat areas, concrete roadways and pavements. Since a relatively large 
portion of the area belongs to these groups, stratified random sampling . 
method is a convenient alternative to avoid problems with an uneven 
distribution of points across the study area. Plate 5.2 shows the 60 stratified 
random sampled points in the Dog Hill Area. • 
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m 
Plate 5.1 80 simple random sampled points in Hok Tau Reservoir 
area (with GEO Terrain Classification Map as background) 
1 
Plate 5.2 60 stratified random sampled points in Dog Hill area 
(with GEO Terrain Classification Map as background) 
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5.2 Comparisons of the Two Study Areas 
As mentioned earlier, the terrain and environmental factors considered 
here are: gradient (TC1), aspect (ASPECT1), elevation (SPOT), terrain 
component (TC2), erosion & instability (TC3), geological materials 
(GEOLOGY) and vegetation (VEGE_TYP). The aim is to investigate on the 
differences between the parameters at the two study areas. -
Interval/ratio variables such as DEGREE—SLOPE, SPOT and TC1 are 
tested by Ftest and f test in the two study areas. According to Table 5.1, all 
three variables' variances were found to be significantly different in both 
areas. However, t tests' values (0.42 with 0.674 2-tail significance; 1.16 with 
0.250 2-tail significance) suggest that the means of DEGREE_SLOPE and 
TC1 in the two study sites are not significantly different at the 95% confidence 
level. Figure 5.1 is the scatter plot of DEGREE—SLOPE in the two study 
areas. No clear distinction could be found between the two sets of data. 
Despite having a significant F value, SPOT is the only variable whose means 
are different in the two areas. Two clear clusters of data points can be 
distinguished in Figure 5.2. This might only be due to the large difference in 
elevations between the two study areas. The mean height where landslides 
occur is at 234.47 m (standard deviation of 51.20) in the Hok Tau Reservoir 
area, whilst the mean height of Dog Hill is much lower at 92.72 m only • 












































































































































































































































































































































































































































































Table 5.1 Statistical results of the two study areas using t test 
(a) DEGREE一SLOPE 
Variable Number of Mean Standard Standard Mean F-Value 2-Tail Prob. 
‘ Cases Deviation Error Difference 
"Hok Tau 3 . 9 8 1 4 7.257 1.162 一 0.6084 一 4.498 0.038 
"Dog Hill 21 33.3730 3.902 0.852 I I 一 
Variances T-Value df 2-Tail Sig 
Unequal 0.42 57.99 0.674 “ 
(b) SPOT 
Variable Number of Mean Standard Standard Mean F-Value 2-Tail 
Cases Deviation Error Difference Prob. 
^ H o k T a ^ j ^ 5^.^95 8.095 1 4 1 . 7 5 8 ^ 8.060 0.006 -
Dog Hill I 21 92.7156 I 31.729 6.924 
Variances “ T-Value df 2-Tail Sig 
"Unequal 13.31 "OOOO 
(b) TCI • 
Variable Number of Mean Standard Standard Mean F-Value 2-Tail 
Cases Deviation Error Difference Prob. 
Hok Tau 40 3.2500 "0.588 "5.093 "0.1548 "6.657 0.012 
Dog Hill 21 3.0952 0.436 0.095 . 
Variances T-Value df 2-Tail Sig 
"Unequal | 1.16 " ^ . 0 6 "0250 
Nominal and ordinal variables in Hok Tau Reservoir area and Dog Hill 
area are tested by Chi-square statistics. The results are summarized in Table 
5.2. Variables like TC1 (p = 0.00273), TC2 (p = 0.00412), TC3 (p = 0.00000) 
and VEGE_TYP (p = 0.00000) are all significant at 99% confidence level. It 
means that the variables studied and the locations are statistically 
independent. On the other hand, ASPECT1 (p = 0.17117) and GEOLOGY (p 
=0.07229) in the two locations are statistically the same at 95% confidence 
level. 
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Table 5.2 Chi-square statistics and p-values for contingency analyses of 
differences between Hok Tau Reservoir area and the Dog Hill area 
Variable Chi-square p-value 
"ASPECT1 1 ^ 1 9 7 2 0.17117 
GEOLOGY “ 5.25419 0.07229 
"TC"1 (gradient) 1T.80557' 0.00273 
"TC2 (terrain component) 17.21149 0.00412 • 一 
TC3 (erosion & 42.84209 0.00000 
instability) 
" ^ G E _ T Y P (WWF) 90.93699 0.00000 
Likelihood Ratio was used instead of Pearson Chi-Square statistics due to ‘ 
the ordinal nature of TC1. 
It is obvious that among the eight variables, elevation, gradient (TC1), 
terrain component (TC2), erosion and instability (TC3) and vegetation have 
significant differences at the 95% confidence level between the two study 
sites. However, given their identical bedrock nature: both belong to Repulse 
Bay Formation, with extensive volcanic outcrop and sedimentary 
intercalations, proximity in distance, the fact that all of the landslides are 
induced by a single rainstorm and similarity in all other variables, the two 
areas are grouped into one population for further statistical analyses. 
5.3 Statistical Analyses of Landslip Variables 
The statistical tests adopted at this stage on the combined data of the 
two study sites are for investigations to test whether there is any difference of 
the site characteristics between the dichotomous variable SLIP (slip versus 
no-slip). The analysis is made by f test for interval/ratio data, and the 
construction of contingency tables and analysis by chi-square tests for 
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categorical data. The initial results are the identification of significant effects 
of site characteristics. 
5.3.1 Gradient (TIN) and Elevation 
The main purpose of the test is to find out the similarity or difference of 
the distribution of various variables between the two sets of data (slip versus 
no-slip). Three hypotheses are indirectly tested: an Ftest for the hypothesis 5 -
= 5^2 (the variance of all the slip points equal to the variance of all the no-
slip points) and t tests for the hypothesis i^i = [12 (the mean of all the slip 
points equal to the mean of all the no-slip points) under both pooled variance 
and separate variance structures. Hence, the attention should be focused on 
the results of the t test under the applicable variance structures. F test is a 
minor part of the analyses only to decide which variance structures to use 
depending on the fabric of the data involved. 
As for the DEGREE—SLOPE (Table 5.3), from the Ftest for equality of 
variances, oc critical (= .001) is smaller than .05, therefore we reject the null 
hypothesis that Si^ = and conclude that the two variances are not similar 
and that we can use the separate variance estimate. From the t test, the oc 
critical (= .001) is also less than .05 type I error; therefore, we also reject the 
hypothesis that = and conclude that their means are significantly 
different. The results imply that gradient measurements of the slip and no-slip • 
sampled points are significantly different at 95% confidence level. The mean 
gradient of slip points is 33.77 (standard deviation of 6.26) whereas the mean 
gradient of no-slip points is 27.29 (standard deviation of 11.34). Thus, it could 
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be concluded that steeper slopes have a higher propensity for landslides to 
occur. It is not surprising to obtain such results since gentle terrains are found 
to be more stable than steeper areas with all other conditions being the same 
(Carson and Petley, 1970). 
For the variable SPOT (Table 5.3), the oc critical (= .806) is much larger 
than .05 leads to the decision to reject the Hq and conclude that the two 
variances are similar and that we can use the pooled variance t test. From -
the t test, the oc critical (= .000) is less than .05 type I error，thus we could 
conclude that the means are different significantly. This in turn suggested that 
slip and no-slip sampled points are distributed on different elevations, slip 
points on a mean height of 185.67 (standard deviation of 81.56) while no-slip 
points on a mean height of 133.28 (standard deviation of 86.20). However, it 
should be noted that the results are from the statistical test on the combined 
population of the two study sites, in which topography varies greatly. The 
absolute value of elevation is not indicative of any subsurface water 
distribution. As a result, the variable SPOT is dropped in further statistical 
analyses. 
Table 5.3 Statistical results of the binary variable SLIP using t test 
(a) DEGREE一SLOPE 
Variable Number of Mean Standard Standard Mean • F-Value 2-Tail Prob. 
Cases Deviation Error Difference 
no一slip 122 27.2933 11.335 1.026 • -6.4751 ""12.433 0.001 “ 
slip 60 33.7684 6.259 0.808 
Variances T-Value df 2-Tail Sig 
"Unequal -4.96 177.57 “ O.QQQ 
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Table 5.3 (continued) 
(b) SPOT 
Variable Number of Mean Standard Standar Mean F-Value 2-TaiI Prob. 
> Cases Deviation d Error Difference 
~no_slip ~U0 T33.2769 86.196 "7^85 -52.3951 0.061 0.806 
一slip 61 185.6720 81.555 10.442 
Variances T-Value ^ . 2-Tail Sig 
"Equal -4.03 | 199 0.000 “ 
5.3.2 Aspect, Geological Materials, Gradient, Terrain Component, Erosion & 
Instability, and Vegetation 
The cross-tabulation of scores are concerned here. Two variables are 
studied in each instance. Nominal and ordinal parameters are examined 
using such test. One of the two variables investigated is the occurrence of 
landslides (binary - yes/no). The frequency distributions of the two variables 
are compared directly with one another. 
In order to measure the relationship between the occurrence of 
landslides (SLIP) and the various nominal and ordinal variable, the 201 
sample points are broken up into different categories. A cross-tabulation table 
can be organized that shows for the sample points the number of points which 
fall into different classes. In order words, the frequency count of each 
category from one variable is cross-tabulated with the frequency count of 
each category from the second variable. 
Certain constraints apply to the use of chi-square in contingency 
analysis (McGrew and Monroe, 1993). Minimum size restrictions apply under 
certain circumstances. For variables that has only two categories, the 
expected frequencies in both should be at least five. For test that involves 
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more than two categories, no more than 20% of the expected frequencies 
should be less than five and no expected frequencies should be less than 
two. 
In order to satisfy the rules stated above, categories are combined in 
the study in order to increase the expected frequencies to an appropriate size. 
5.3.2.1 Aspect -
To facilitate the categorical analysis, data on the slope aspect are 
grouped into eight categories. Please refer to section 4.5.1 in Chapter IV for 
details. 
In order to find out whether the dichotomous SLIP variable is 
statistically independent of the slope aspect, a chi-square test is undertaken 
(Table 5.4). Since the probability value of the chi-square statistic is less than 
0.05, the hypothesis that 'SLIP' is independent of the slope aspect is thus 
rejected. Slope aspect is considered to be related with SLIP directly. Figure 
5.3 illustrates the comparison of the aspect distributions of slips and no-slip. 
On the basis that the sixty-one landslides occurred due to a single 
rainstorm in September 1993, certain issues could be raised from the 
concentration of landslide distribution on SE and W. Among the sixty-one 
landslip sites, 17 (28.3%) happened in slopes facing W, 16 (26.7%) happened 
on slopes facing SE. The pattern of landslide distribution matches with the • 
recorded rain-bearing storm track directions (personal communication with Mr. 



























































































































































































































































































































































































































































































































































































































































































































September 26，1993 occurred as localized rainstorms which drifted over Hong 
Kong from both SW and SE. 
Another reason for the pattern might be due to the local topography in 
the two study sites. In Dog Hill area, the ridge is trending NE. In Hok Tau 
Reservoir area, the main ridge is trending NW with another one in NE. Thus, 
it is not at all surprising to discover clusters of landslides found in particular 
directions. . 
The reasons for the concentration of slips on the W- and SE-facing 
slopes are not totally understood. Such a relationship might be due to the 
slope influence on the distribution of precipitation and solar radiation. These 
two factors in turn affect the moisture content or loading of a slope. However, 
it is hard to test on the relationship since detailed information about 
precipitation or soil moisture content are not available in the individual 
sampled sites. Thus, the controls on aspect is not well-understood in the two 
study sites. Further information is required on microclimatic parameters and 
on local variations on solar radiation before definite conclusion could be 
reached. 
5.3.2.2 Geological Materials 
To find out whether 'GEOLOGY' has an impact on 'SLIP', a chi-square 
test is again used (Table 5.5). With a p-value of 0.29218, the null hypothesis • 
that GEOLOGY is independent of SLIP cannot be rejected, implying that 
neither colluvium nor in situ materials make much difference in directly 
affecting the SLIP term. In the two study areas, where the bedrock has been 
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’Table 5.5 Cross-tabulation between geological material group and SLIP 
(whether landslip occur at sampled sites) 
S L I P s l i p b y G E O L O G Y g e o l o g y 
G E O L O G Y • 
C o u n t 
E x p V a l 
R o w P e t c o l l u v i u i n s i t u o t h e r s -
C o l P e t m R o w 
T o t P e t 1 2 3 T o t a l 
S L I P 
0 33 87 18 138-
n o - s l i p 3 6 . 1 8 6 . 7 15.3" 6 9 . 3 % 
‘ 2 3 . 9 % 6 3 . 0 % 1 3 . 0 % . 
6 3 . 5 % 6 9 . 6 % 8 1 . 8 % 
1 6 . 6 % 4 3 . 7 % 9 . 0 % 
1 19 38 4 6 1 
s l i p 1 5 . 9 3 8 . 3 6 . 7 3 0 . 7 % 
3 1 . 1 % 6 2 . 3 % 6 . 6 % 
3 6 . 5 % 3 0 . 4 % 1 8 . 2 % 
9 . 5 % 1 9 . 1 % 2 : 0 % 
C o l u m n 52 1 2 5 22 1 9 9 
T o t a l 2 6 . 1 % 6 2 . 8 % 1 1 . 1 % 1 0 0 . 0 % 
I 
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deeply weathered, the nature of colluvium or in situ materials does not have 
much difference. Thus, it is logical to find that the proportions of the two 
materials in SLIP sites reflect the proportions of the random control NO-SLIP 
sites. Figure 5.4 shows that the proportions of different geological materials 
of the two groups of data are similar. 
5.3.2.3 Gradient _ 
Generally speaking, terrains with a gentle gradient are relatively more 
stable than steeper areas (Carson and Petley, 1970). Referring to the scatter 
plot of Figure 5.5, a threshold of mid-twenties degree can be easily identified 
(Site #1 -122 are sites where no landslide has identified; Site #123-182 are 
the landslip sites). As a matter of fact, the threshold is identified to be 25.07° 
from TIN data, above which a whole lot of landslides have occurred. Figure 
5.6 and Table 5.6 shows the distribution of counts of sampled sites in 
different gradient categories. 
Several SLIP cases have found to occur in slopes with 5-15°, it is 
unreasonable in the first glance considering the gentle nature. However, in 
view of using a 1:20,000 working scale TCM and dealing with slope classes, it 
is possible that the local steepness of the terrain has been categorized into a 
gentler terrain class. The class 30-40° shows up as an important group 
comparing with its control class. No landslide is found in the 40-60° class. • 
Two reasons could be suggested. First, the proportions of.the slope in this 
category is very small, 0.13% in Dog Hill area and 2.44% in Hok Tau 
































































































































































































































































































































































































































































































































































































































Table 5.6 Cross-tabulation between gradient group and SLIP (whether 
landslip occur at sampled sites) . 
S L I P s l i p b y T C I t c l 
T C I 
C o u n t 
E x p V a l 
R o w P e t 0 - 15 d 1 5 - 3 0 3 0 - 60 
C o l P e t e g d e g d e g R o w 
T o t P e t 2 3 4 T o t a l 
S L I P 
0 33 84 22 1 3 9 
n o - s l i p 2 5 . 7 8 6 . 9 2 6 . 4 6 9 . 5 % 
2 3 . 7 % 6 0 . 4 % 1 5 . 8 % 
8 9 . 2 % 6 7 . 2 % 5 7 . 9 % . 
1 6 . 5 % 4 2 . 0 % 1 1 . 0 % 
1 4 4 1 16 6 1 
s l i p 1 1 . 3 3 8 . 1 1 1 . 6 3 0 . 5 % 
6 . 6 % 6 7 . 2 % 2 6 . 2 % 
1 0 . 8 % 3 2 . 8 % 4 2 . 1 % 
2 . 0 % 2 0 . 5 % 8 . 0 % 
C o l u m n 3 7 1 2 5 38 2 0 0 
T o t a l 1 8 . 5 % 6 2 . 5 % 1 9 . 0 % 1 0 0 . 0 % 
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faced bedwork where all instable weathered materials in such steep slopes 
might already be carried downslope in the past. 
In the first glance, a steeper gradient does not result in more landslip 
occurrences. 67% of all the landslip incidents are found to be in the 15-30° 
category. However, in proportion to the area that belongs to different 
categories, a higher percentage of landslip is found in steeper categories: 
23.5% of sample points in 5-15° are involved in landslips; 32.8% in 15-30° 
and 44.4% in 30-40°. 
Another variable which has high association with gradient contributing 
to high landslip occurrences is the soil thickness on natural slopes (Mark et 
al., 1964). Unfortunately, such survey-intensive data are not widely available 
on Hong Kong slopes to further our investigations on that aspect. 
5.3.2.4 Terrain Component 
32.8% (20 out of 61) of the slip sites happened in sideslope with 
concave curvatures, whereas 31.1% (19 out of 61) of the slip sites occurred in 
land units best classified as 'drainage plain’ (Figure 5.7 and Table 5.7). This 
is not incomprehensible as similar results have been reported that slopes with 
concave cross-section are more susceptible to landsliding than those having 
other shapes (Carrara, et al, 1991; Gao, 1993; Gupta, et al. 1990; Jibson, et 
al. 1989; Wang, et al. 1992). This variable defines the slope shapes of . 
individual terrain units. Most literature showed that there is a high probability 
that mass movements occur in concave slopes. This is because such 
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antecedent soil moisture content than those areas on ridges and slopes that 
are convex. Therefore, it is not surprising to discover that a high proportion of 
the slips occurred in land units best described as 'sideslope-concave' and 
'drainage plain'. Another reason for this phenomenon is related to the 
variation in soil thickness in different slope shapes. Those slope depressions 
are often twice or even more in soil thickness than do other parts in slope. 
5.3.2.5 Erosion and Instability 
The three major categories where landslip scars found are minor sheet 
erosion, recent integral scars and relict integral scars (Figure 5.8 and Table 
5.8). Minor sheet erosion is quite common and widespread in the two study 
areas. This is related to the basic geological bedrock where extensive 
volcanic outcrop can be found in the areas. The fact that most slips belong to 
recent and relict integral scars points out that most recent activity in the areas 
consists of renewed movements of older deposits. 
5.3.2.6 WWF Vegetation 
21 of 61 (34.4%) of landslide sites are found in grassland. The 
descending order of categories are low shrub/grass (31.1%), tall shrubland 
(23.0%) and tall shrub/grass (8.2%) (Figure 5.9 and Table 5.9). 
Grassland and low shrub/grass possess a higher risk for landslide . 
activity as compared to other vegetation types. Grassland and low 
shrub/grass cover about one-third of the two study areas, with 33.12% in Hok 
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movements are found in grassland (34.4%) and low shrub/grass (32.8%) in 
the two study areas combined. Infiltration rates into grassland soils are small 
compared with other vegetation types like forest or plantation woodland 
(Selby, 1976). During a single storm, pore water is high in grassland, 
combined with the lack of resistance to shearing induced by deep roots, leads 
to slope failures. In addition, the antecedent soil moistures in grassland is low 
as compared with other vegetation types. Changes in pore-water pressure -
are greater and more rapid during a rainstorm. The role of grassland and low 
shrub/grass in triggering slides is thus suggested. 
On the other hand, the plantation woodland covers about one-tenth of 
the area of the two study sites, Hok Tau with 10.03% and Dog Hill with 
10.07%. Only 1.6% of the mass movements are found in those vegetation 
cover. Thus, plantation woodland at the first glance seems to be effective in 
limiting mass movement across a wide variety of gradients and aspects. 
However, another phenomenon is found after careful examination of the 
vegetation data in the two study areas. The woodland is planted by human 
on gentle terrains to avoid difficulties in cultivation. 
5.3.3 Result of the Partial Model 
Summing up, not all topographical and environmental characteristics 
are found to be related to the variable 'SLIP' directly (Table 5.10). GEOLOGY • 
is found to be unrelated with SLIP at the 95% confidence level. ASPECT1， 
TC1 ’ TC3 and VEGE_TYP are even significantly at the 99% confidence level. 
Such result could be best illustrated by Figure 5.10. 
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In this partial analysis, six variables are found to be statistically related 
to SLIP. The partial model gives a direct and simple relationship between 
each of the variables and SLIP. 
Table 5.10 Chi-square statistics and p-values for contingency analyses of 
differences between slip and no-slip 
Variable Chi-square p-value 
"ASPECT1 "28.69775 0.00016 
GEOLOGY 2.46078 0.29218 “ 
TC1 (gradient) “ 10.75237^ 0.00463 
"TC2 (terrain component) _ 12.07931^ —0.03372 
TC3 (erosion & 15.39661 0.00747 
instability) 
"yEGE_TYP (WWF) 18.54161 0.00234 
Likelihood Ratio was used instead of Pearson Chi-Square statistics due to 
the ordinal nature of TC1. 
^Cells with expected frequency < 5: 25% 
5.4 Logistic Regression Model 
Logistic regression model is proposed in this study since the 
dependent variable is of binary nature. It is used to determine whether the 
independent variables distinguish between sample points which was affected 
by landslides and those which did not. The probability of slip occurring is 
estimated in the model. The result of the model is transformed into landslide 
probability map in raster format. 
Table 5.11 lists the estimated coefficients (column B) and the related • 
statistics from the logistic regression model containing the constants and the 
six independent variables, namely ASPECT1, GEOLOGY, TC1, TC2, TC3 






































































































































































































































































































































































































indicator variables, coded 0 or 1. The respective indicator variables are 
RECASP, RECGEO, RECTC1, RECTC2, RECTC3 and RECVEG. Table 
5.12 lists their recoded values. 
Table 5.12 Recoded values of the six independent variables 
RECASP 1: SE, W 
0: E, N, NE, NW, S, SW 
RECGEO 1: in situ 
0: colluvium, others -
RECTC1 1: 15-30� 
0: 0-5°, 5-15� ’ 30-40°, 40-60� 
RECTC2 1: concave sideslope, concave footslope 
and drainage plain 
0: hillcrest or ridge, straight sideslope, convex 
sideslope, floodplain, alluvial plain 
RECTC3 1: recent instability and relict instability 
0: no erosion, minor sheet, moderate sheet, 
severe sheet, minor gully, moderate gully, relict 
scar 
RECVEG 1: grassland and low shrub/grass 
0: plantation woodland, tall shrubland, tall 
shrub/grass, urban, water 
The main attention of logistic regression is to test that a coefficient is 0 
with the Wald statistic. The significance level for the Wald statistic is shown in 
the column labelled Sig (Table 5.11). Logistic regression only investigates 
direct relationship between dependent and independent variable, thus indirect 
relations with a third party is very often overlooked. 
Results from the logistic regression show that recoded variable 
'RECASP' which records only W and SE categories is a very significant 
independent variable at the 95% confidence level (significance level = 
0.0000). The importance of this recoded variable might be due to the fact that 
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it records the two major orientations. The contributions of other orientations 
are thus suppressed. Another variable that is significant is RECVEG 
(significance level = 0.0265). The fact that one-third of mass movements in 
Dog Hill and Hok Tau are found in low shrub/grass and grassland respectively 
put weight into the model. The weight is enhanced by the recoded variable 
which records only these two vegetation cover. Variations exist between the 
results of partial model and the logistic regression model. Variables like -
aspect, gradient, terrain component, erosion status and vegetation cover, that 
are found to be directly related with 'SLIP', do not show up as important in the 
logistic model. There are several possible reasons for the discrepancies in 
the results. First of all, the logistic model only measures quantitatively the 
contribution of each individual factors between them to landslide occurrences. 
Any relationships through a third and/or above parties are not considered. 
Second, all the recoded variables record only the most frequently occurring 
class or classes. The weighting of other classes are thus taken out of the 
model. 
The logistic regression equation for the probability of landslide 
occurrence can be derived from the above table. It could be written as: 
1 
Prob (landslide occurrence) = (5.1) 
1 + e - Z 
in which Z =-1.4424 + 1.6908 (RECASP) - 0.5968 (RECGEO) -0.0192 
(RECTC1) - 0.2152 (RECTC2) + 0.5942 (RECTC3) + 0.8318 (RECVEG) 
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The above algorithm is used to weight each of the independent factors 
controlling the susceptibility of a particular site to landslip. It is basically a 
weighted average, with the relative weighting for each physical factor 
indicated by the numerical prefix of that factor. For example, the ‘RECASP’ 
factor receives a relative weighting of 1.6908. 
There are various ways to test if the model fits well with the data 
(SPSS, 1993). One way is to examine the classification table which -
compares the predicted and the observed outcomes. Another way is to 
assess the goodness of fit of the model by examining how likely the sample 
results are given the parameter estimates. The p2 value (Wrigley, 1985) is 
used to test the model's goodness of fit. Each method will be discussed in 
turn. 
Table 5.13 shows that 101 no-slip sampled points are correctly 
classified by the model not to have slips. 85.59% of the no-slip points are 
correctly classified. However, only 50% of the slip sampled points are 
accurately predicted as having landslip occurred. The diagonal entries show 
the number of cases where they have been wrongly grouped. 17 of the no-
slip points are misclassified into the opposites, whereas 30 out of 60 (50%) of 
the slip points are misclassified otherwise. The overall predictive power of the 
regression model is 73.60%. 
Table 5.14 illustrates the -2LL for model containing only the constatnt 
and Table 5.15 shows the goodness of fit statistics for the model with all the 
independent variables. The value of -2LL of the current model is 194.817, 
which is smaller than the -2LL of the model containing only the constant 
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Table 5.13 Classification table for SLIP 
C l a s s i f i c a t i o n T a b l e f o r S L I P 
P r e d i c t e d 
n o - s l i p s l i p P e r c e n t C o r r e c t 
n s 
O b s e r v e d 
n o - s l i p n 1 0 1 17 8 5 . 5 9 % 
s l i p s 30 30 5 0 . 0 0 % 
O v e r a l l 7 3 . 6 0 % 
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Table 5.14 -2 LL for model containing only the constant 
D e p e n d e n t V a r i a b l e . . S L I P s l i p ~ 
B e g i n n i n g B l o c k N u m b e r 0 . I n i t i a l L o g L i k e l i h o o d F u n c t i o n 
-2 L o g L i k e l i h o o d 2 2 7 . 5 1 2 0 3 
* C o n s t a n t i s i n c l u d e d i n t h e m o d e l . -. 
Table 5.15 Statistics for model containing the independent variables ‘ 
-2 L o g L i k e l i h o o d 1 9 4 . 8 1 7 
G o o d n e s s o f F i t 1 8 1 . 3 9 8 
C h i - S q u a r e d f S i g n i f i c a n c e 
M o d e l C h i - S q u a r e 3 2 . 6 9 5 6 . 0 0 0 0 
I m p r o v e m e n t 3 2 . 6 9 5 6 . 0 0 0 0 
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(227.512). The goodness of fit statistics is displayed in the second row of the 
table. According to Wrigley (1985), a model which obtains a p2 value 
between 0.2 and 0.4 is a model which fits perfectly, where p2 is computed as: 
-2 Log Likelihood 
(model containing the independent variables) 
p2 = 1 •- (5.2) 
-2 Log Likelihood (model containing only the constant) 
The present model acquires a p2 value of 0.14. Thus the model is not 
considered to fit perfectly. 
The low goodness of fit value might be due to the fact that this model 
takes into account only a localized event of a single rainstorm. Secondly, all 
recoded variables which record only the common categories might have 
concealed the inherent variations in the data. 
5.4.1 Landslide Probability Mapping 
Based on equation 5.1, the probability of landslide occurrence is 
plotted in the two study areas using GRID (a raster-based geoprocessing 
system integrated with ARC/INFO). GRID module of ARC/INFO is chosen 
because of its analytical capabilities, through the map-algebra language. The 
data belonging to each independent variable are stored as separate grids. As 
a result, six grids are created. Each grid has an associated value attribute • 
table (VAT). The VAT always contains at least two items: VALUE and 
COUNT. VALUE is the value assigned to a particular cell in the grid and 
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COUNT is the number of cells having that particular value in the grid (ESRI, 
1991a). 
In order to plot the logistic regression model on the grid, several 
procedures are involved. First of all, the digital vector files of GASP, WWF 
vegetation and ASPECT derived from TIN are recoded according to their most 
frequently occurred category in each independent variable. As a result, the 
six independent variables are recoded as indicator variables (Table 5.12). -
The boundaries of the two study areas are set according to Table 4.1. 
Within each area, the logistic regression equation 5.1 is applied to each pixel. 
With a pixel size of 10 m, the Dog Hill area is covered by 123 X 125 pixels, 
whereas Hok Tau area is covered by 115 X 145 pixels. The equation is 
applied to individual cells. Thus, landslide probability maps are created for 
the two study areas based on equation 5.1. 
This is an attempt to quantify the vulnerability of a particular grid unit in 
an area in terms of the probability of occurrence of landslip. The subject is 
the relative risk which merely compares one situation with another. One 
critical issue not to be neglected is that the risk zone determined from the 
logistic regression model is only based on the existence of a hazardous event 
at some time in the past. The old or undated landslide deposit may have 
formed under different environmental conditions. Predictive modelling of this 
kind, without any estimate of present stability conditions or frequency of event; 
may lead to ill-advised extrapolation to other areas (Hansen, A., 1984). 
Dog Hill area on the whole has a lower landslide susceptibility than Hok 
Tau Reservoir area. This could be best illustrated by Plate 5.3 and 5 . 4 . 
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Plate 5.3 Landslide probability greater than 0.5 (red area) in Dog 
Hill area 
I H t ' - ^ ' B H 
i ^ H 
Plate 5.4 Landslide probability greater than 0.5 (red area) in Hok 
Tau Reservoir area 
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Overall speaking, the coverage with greater than 0.5 landslide probability is 
more widespread in Hok Tau Reservoir (Plate 5.4) than in Dog Hill (Plate 5.3). 
A 5-class equal interval classification system results in two different 
classification system in the two study areas. The probability of landslide 
occurrence in Dog Hill area (Plate 5.5) have been broadly grouped into five 
classes: (a) Probability <=0.21 (very low risk); (b) 0.22-0.36 (low risk); (c) 
0.37-0.51 (medium risk); (d) 0.52-0.66 (high risk); (e) 0.67-0.81 (very high risk). 
On the other hand, the lower and upper limits for each landslide susceptibility 
classes respectively in Hok Tau Reservoir area (Plate 5.6) are: (a) <=0.40; (b) 
0.41-0.53; (c) 0.54-0.67; (d) 0.68-0.80; (e) 0.81-0.94. 
5.4.2 Testing the Model Output 
In order to find out whether the model is successful in predicting the 
distribution of landslides in the two study sites, the slip and no-slip observation 
points are compared with the logistic regression model estimates at its 
individual locations. 
Table 5.16 Frequency of no-slip and slip points on landslide probability in 
Dog Hill area 
" ^bab i l i t y Estimate <=0.21 0.22-0.36 0.37-0.51 0.52-0.66 0.67-0.81 
Frequency of No-Slip ^ ^ 3 3 1 
(percentage) (49.2) (39.3) (4.9) (4.9) (1.6) 
Frequency of Slip 3 5 2 7 4 
(percentage) (14.3) (23.8) (9.5) (33.3) (19.0). 
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Table 5.17 Frequency of no-slip and slip points on landslide probability in 
Hok Reservoir area 
� Probability Estimate <=0.40 0.41-0.53 0.54-0.67 0.68-0.80 0.81-0.94 
Frequency of No-Slip 23 ^ U 8 6 
(percentage) (29.1) (38.0) (15.2) (10.1) (7.6) 
Frequency of Slip 1 10 8 8 13 
(percentage) (2.5) (25.0) | (20.0) |-(20.0) (32.5) 
I y ‘ ••傳 $ 
I 丫 m u 
Plate 5.5 Landslide probability in Dog Hill area 
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、.！IH. 
Plate 5.6 Landslide probability in Hok Tau Reservoir area 
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The results of the classification based on the logistic model is not very 
promising. When cross-checking it with the original data, it is found that only 
slightly more than half (52.35%) of the 'Slip' points are quite properly classified 
as 'high risk' or Very high risk' in Dog Hill area (Figure 5.16). The model 
works better for classifying the 'No-slip' points, 88.5% of the 'No-slip’ points 
are correctly classified as Very low risk' or 'low risk'. In Hok Tau Reservoir . 
area (Figure 5.17), the percentage of correct classification of 'Slip' points is 
about the same (52.5%) as Dog Hill. However, 'No-slip' points (67.1% 
correctly classified) are not as well-classified as the Dog Hill area. As a result, 
it is true that this model is more successful in suggesting stable areas that are 
safe from landslides. 
Several issues concerning the derivation of this model should be 
recognized. First of all, the data set of each variable has registered only the 
most common category. This would inevitably neglect the influence of other 
categories which might contribute a bearing, though less, to landslide 
occurrences. Second, the sample points of the two study areas are grouped 
into a single population. Given the similarity in aspect, geological materials, 
and geology in the two study areas, proximity in distance and the fact that all 
landslide occurrences are triggered from a single rainstorm, there are still 
variations within the two study areas. As a result, grouping the two sets of • 
data might suppress heterogeneity of individual study areas. Thirdly, the 
landslide probability, which is mapped based on the results of the logistic 
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model, might create discrepancy due to the combined treatment of the study 
areas. 
5.5 Summary 
This chapter reviews the procedures involved in performing the 
statistical analyses on the multiple sets of data so as to calculate the landslide 
probability on the two study areas. Due to identical nature of bedrock -
materials, proximity in distance and the fact that all the landslide subjects are 
initiated from a single rainstorm, data from the two study areas are combined 
into a single population. Aspect, gradient, terrain component, erosion status 
and vegetation are found to be statistically correlated with 'SLIP' individually. 
On the other hand, when they are tested together by logistic regression, only 
aspect and vegetation are found to have a significant bearing to landslide 
occurrence. The results are shown both in terms of statistics and in terms of 
a raster-based landslide probability map. The logistic regression model has a 
overall predictive power of 73.60%. The resulting probability maps are then 
checked against the original data points for testing on their predictive 





6. 1 Summary of Findings 
This project is the first of its kind GIS inventory of storm-based natural 
landslide GIS in Hong Kong. It serves as a prototype for the GEO to develop-
a landslide GIS for the territory of Hong Kong. Four initial objectives of this 
project are fulfilled: 1) the compilation of a GIS database to facilitate the 
analysis of the spatial distribution of natural landslide units; 2) the construction 
of a landslide database; 3) the examination of environmental and topographic 
characteristics of landslide sites and the identification of variables which are 
most significantly correlated with the landslide sites; and 4) the mapping of 
landslide probability based on the statistical model derived from 3). 
With all the environmental databases referenced to the Hong Kong 
Metric Grid, this study achieved the purpose of correlating the landslip points 
and stable points with the terrain and environmental data in the two study 
areas. The model not only takes into account the environmental and 
topographic conditions at the landslided sites, it also considers the rest of the 
'undisturbed' or 'unstable' sites. Thus, it results into an unbiased examination 
of the environmental and topographic settings conducive and not conducive to 
landsliding. This is feasible owing to the functionality of a GIS to store 
different environmental and terrain databases under a common coordinate 
system. 
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Variables such as aspect, gradient (TC1), terrain component (TC2), 
erosion status (TC3) and vegetation cover are found to be statistically 
correlated with the dichotomous variable 'SLIP' directly at 95% confidence 
level. Logistic regression is then carried out to predict whether landslip will or 
will not occur, as well as identifying the variables effective in making the 
prediction based on the information of a single rainstorm in the past. The 
dependent variable (slip versus no-slip) in such regression method is of _ 
dichotomous nature, which suits the nominal and ordinal nature of all the 
independent variables. The overall predictive power of the regression model 
is 73.60%. The landsliding potential or probability is estimated in the model 
and displayed in a 10 m pixel format for the two study areas. 
Results from the model could be extrapolated to vast areas of the Hong 
Kong Territory based on the assumption that the factors that cause slope 
failure in the training area are the same as the target area. 
6.2 Limitations of the Study 
The spatial modeling of natural landslide distribution adopted in this 
thesis is of an inductive reasoning approach. Essentially, some known 
examples of the locations of natural landslide events and a number of 
parameters at the same locations are combined to calculate spatial 
weightings for future occurrence of those hazards. There are two problems . 
associated with this reasoning. First, the choice of parameters is ad hoc. 
Second, uncertainties exist as to whether the parameters from secondary 
data sources are the same at the time of the hazard events. " 
163 
Direct relationships between SLIP and the independent variables are 
hard to establish. Very often, the relationship is involved with a third or fourth 
variables. For example, gradient might determine the instability of the slope 
directly, but the indirect relationship between gradient and the percolation rate 
of surface runoff which in turn affects slope instability could not be neglected. 
Chi-square test shows that the spatial distribution of landslided sites is 
statistically dependent upon slope form. This is probably because slope . 
shape governs the redistribution of surface rainwater. More infiltration 
increases pore water pressure leading to a greater slope loading and renders 
the slope less stable. 
It is expected that hierarchical log-linear model will give a more realistic 
account of the relationship between SLIP and other variables since it 
considers the interactions between all the variables involved in the model. 
However, the study does not probe into their interactions. 
The variable which indicates ’distance from ridge' which approximates 
the catchment area for soil water recharge (Selby, 1982) is left out in the 
logistic regression analysis deliberately. The extraction of the variable from 
no-slip sampled points would be time-consuming and it involves expertise in 
detailed API. Even if the process is carried on wilfully, the accuracy of those 
data is of a major concern. 
The database design lacks the capability of registering complex forms. 
of landslides and the recurring landslides. In the two study sites, some units 
are composed of more than one path of debris trail. In other cases, trails are 
separated at high elevations but converge at lower altitudes due to slope 
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configuration. On the other hand, some split at a point where there is a 
barrier along the natural slope. 
Accuracy assessment of all the databases is not completed. The 
evaluation of errors (in terms of t test) can only be done on TIN-derived 
variables (aspect and gradient) limit to a few locations in the Hok Tau 
Reservoir area because of the lack of ground truth data. Due to time 
constraint, the ground truth data are only restricted to the landslip sites. Thus^ 
the assessment would be restricted to the slip sample points where they 
occupied just a small coverage with respect to the whole TIN created in the 
entire study area. 
Discrepancies of scale and resolution in the various databases are 
critical issues in this project. The two major scale differences are between the 
Stereocord-extracted landslip boundaries at 1:1000 and the GEO's TCM and 
WWF vegetation database both at 1:20,000. However, this is inevitable since 
they are the only existing digital databases in those aspects. The TCM is 
produced from API and field work. K records the general nature of the 
geological materials (in situ, colluvial, alluvial, etc.), slope gradient, 
morphological characteristics, erosion and instability. WWF vegetation 
database is produced by API and cross-checked with field work and satellite 
imagery of the territory. 
Soil properties of landslip scars are not available. Locations of • 
automatic rainguages are rather widespread in relation to the two study areas. 
Thus, it is not sensible to rely on them for detailed analysis. Rainfall received 
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at sampled sites which require very close monitoring during rainstorm period 
is required for rigorous analyses. 
6.3 Recommendations for Further Studies 
Although the use of logistic regression model to map landslide 
probability is affirmed in this study, there are two major areas of improvement 
in the present study. Firstly, there are still areas that require further • 
development in order to acquire better results. Secondly, the present system 
is not fully utilized and the database not fully explored. The two areas will be 
discussed in turn. 
A more flexible database design is called for the registration of complex 
and recurring landslides. The current design lacks the capability of recording 
certain landslip units which are composed of more than one path. Such cases 
are usually separated at higher elevations but tend to converge at lower 
attitudes. Another pitfall is the failure to record situations where the debris 
trail diverges at one point where there is a physical barrier like a tree or a big 
boulder blocking its downslope direction. The third constraint is the 
incompetence to record historical or recurring landslides. 
Statistical test in the form of partial correlation which allows the 
interaction between parameters being investigated are called for. 
Relationships other than that between the dependent and the independent . 
variables should be focused in further study in order to improve the predictive 
power of the present model. 
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Due to shortage of time and personnel, a number of. variables are left 
out in the model. 'Distance from ridge' approximates catchment area for soil 
water recharge. This variable is important to estimate the surface runoff 
obtained at various sample points. Although this piece of information could be 
extracted from the DEM coverage, expertise in identifying the respective ridge 
for each sample point is required. After that, the surface distance to its crest 
could then be measured interactively on the screen. Other variables being _ 
omitted include soil properties and precipitation. 
Rainfall records of the three recording stations are all outside both of 
the study areas, however they are located within the GASP V regional 
boundary in which the two study areas are found. Although rainfall records 
provide information on the intensity and distribution of the rainstorm which 
caused the landsliding, they could only be regarded as reference information 
due to their distance from the landslide subjects. 
There are two level of GASP carried out by GEO: regional studies 
(1:20,000) and district studies (1:2,500). District studies are carried out for 
strategic areas which are important for development. Thus, they are not 
commonly available for all rural areas. Although the 1:20,000 scale TCM is 
not designed to be used in a larger scale, it is the only available systematic 
terrain classification mapping in the two study sites in this study. In order to 
maintain a territory-wise detailed landslide inventory, 1:2,500 scaled TCM is • 
more appropriate to record the natural environment and terrain component of 
the landslip units. 
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Concerning the present system, there are still rooms for further 
exploration and utilization. There are three major areas. First of all, the 
landslide browsing and spatial query are functions of the system not fully 
explored. The database includes records of landslide features with 
descriptive fields relating to landslide morphology, materials, locations, 
dimensions etc. The user can select various combinations of parameters so 
as to obtain better insight of the spatial distribution of landslide units with _ 
certain landslide morphology or dimensions. The system provides a set of 
logical and arithmetic operators to help users to define search criteria. An 
example is to find all the units with run-out distance of more than 100 m. In 
addition, a Graphic User Interface (GUI) will be a bonus to the system, 
creating a more user-friendly environment for users from a wide range of 
background. Second, the methodology of the present study could be 
extrapolated to other slopes in Hong Kong with similar underlying geology as 
in the study area (Repulse Bay Formation, acid volcanic rocks with 
sedimentary intercalations), thus profits territory-wise landslide assessment. 
Thirdly, simple and aggregate analyses of certain landslide characteristics 
could be obtained through some simple built-in statistical functions in the 
system. A wealth of landslide information such as run-out distance of the 
debris trails, landslide morphometry, materials and locations is stored in the 
landslide database. After the definitions of the morphology of landslide . 
features are set, measurements of the morphology of landslide features could 
be carried out. Morphological studies, such as the depth and length ratio 
(D/L) of landslides (Skempton and Hutchison, 1969) and the several 
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morphometric indices (Crazier, 1973) can be used as a means of interpreting 
the processes which gave rise to a scar. 
This project is treated as prototype of landslide GIS for the GEO. The 
primary objective of designing a GIS to facilitate inventory and assessment of 
natural landslides in Hong Kong is accomplished. With a high incidence rate 
of natural landslide occurrence in the summer months and pressing needs of 
urban development in Hong Kong, a landslide GIS which facilitates inventory . 
and assessment of natural landslides is urgently called for. In order for Hong 
Kong government to accomplish this aim, a public centralized institute that 
allows the integration of all land-related databases both within the public and 
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Draft 3.3 slope failure/deposit field survey sheet (King, 1994a) 
.-i•‘ 
DRAFT 3.3 Record No 
Slope Failure/Deposit field survey sheet Observer 
Information Level PHOTO； AJR PHOTO AND MAP； FIELD OBSERVATIONS； FIELD SURVEY 
Location Date 
Weather 
M o r p h o l o g i c a l Position Path Y/N 
Distance to ridgeline m Previous Failure? 
Profile G e n e r a l convcx;concavc:piaxie 
L o c a l convcx;concavc;planc 
P l a n G e n e r a l convcx:conave:planc 
L o c a l convcx:concavc;planc 
Primary D e p l e t i o n Scar . 
Natural Slope angle/aspect ： Vegetation ： Grass.scmb.Trccs.Barc.Bumcd 
Headscarp angle/aspect S c a r ^ l o o r angle/aspect 
Volume D i s p l a c e d Mass；Depth .Width .Length 
M a t e r i a l s Exposed in Scar ： Colluvium： Residual son； Weaihcred/Frcsh Rock： 
Other • 
Materials in Displaced Mass Colluvium; Residual sou； Wcaihcrcd/Frcsh Rock： 
Other . 
Exposed Soil Thickness Sample N o . Topsoil thickness . 
Materials Descriptions ： 
Clasts, %/Decomposition/Angularity： Boulders / / ‘ 
Cobbles / / , Gravel / / ; 
Matrix, Mottled? Strength/Density . 
G r o u n d w a t e r ： Seepage Piping 
Failure Plane/Planes of weakness dip angle/direction 
Basal 
Transverse ： 
Debris m o b i l i s a t i o n 10% 30% 50% 70% 90% 100% 
Debris T r a i l Debris Description： 
"“ Sample No: 
p . . , — - I , . I . g c s a c a s a a a e g g g a ^  - •»i ji »as6a=Sia8'iT:i»^ -xssBsssaBsaBassssssrr ••• •„• ^ v . n “ ‘ i B = s s s = g s g » a a a a M = « » a a • 11,' n , - ~ ~ • — 
Slope A n g l e 
D i s t a n c e 
W i d t h 
V e g e t a t d o n . 
Substrate 
Deposition； % 
t h i c k n e s s . “ 
t y p e 
Erosion V o l u m e 
I • 
Drainage line order 
Evidence of W a t e r Flow 
Terminal Deposit： Depth Width L e n g t h Volume 
D e s c r i p t i o n , 
L a n d s l i d e Classification . 
Landslide Map, Section and Data 
. ^ Record No 
1:1,000 MaD Sheet No. ‘ Grid Ref. N 
“ E 
Air Photo Numbers Estimated Age 
Mapped Geology Evidence 
Sketch Maps and Sections 
Depletion Scar 
Map Section 






Landslide/deposit field description sheet (King, 1994b) 
% 
DRAFT 3 for description sheet 3.3 
Notes to accompany Slope Failure/Deposit field description sheet 
Terms of landslide description are from； Suggested Nomenclature 
for Landslides by the lAEG Commission on Landslides 1990 in 
Bulletin No. 41 of the International Association of Engineering 
Geology. 
Information Level 
PHOTO Provisional incomplete form to identify the failure. 
Only location data from ground or oblique air photos plus 
information from desk study. 
AIR PHOTO AND MAP Good location data from air photo 
reference but no field observations. _ 
FIELD OBSERVATIONS Field observations from a vantage point 
may include estimate of dimensions but probably little 
information on materials. 
FIELD SURVEY Full completion of form from walk-over survey 
preferably with measured dimensions (hip chain or tape) 
Record No For temporary field use a sequential number with the 
date and observer will define the record. This will be converted 
to a permanent unique field record number based on a sequential 
number and the 1:20,000 map sheet number. 
Location Brief description of location relative to points named 
on a map. 
Morphological Position Brief description of. morphological 
position eg Ridge line, halfway up side slope, at convex break 
in slope on valley side. 
Path Reply yes/no to indicate if a footpath or any other minor 
disturbance, of the slope is present close to the primary scar. 
Distance to Ridge line Distance up slope to the first reversal 
of slope 
Profile and Plan Profile is a description of the topography 
along a section line with the steepest slope through the scar. 
Plan refers to a section line normal—to profile. General refers 
to the whole hill side upon which the scar is located. Local 
refers to the topography in the immediate vicinity of the scar. 
Previous Failure Many natural slope failures in Hong Kong are 
reactivation of old failure scarps or debris. Indicate yes /no 
and add any details below. 
Primary Depletion Scar All observations in this section refer 
to the area located above the surface of rupture (see lAEG 
Commission on landslides 1990). " 
Slope angle/aspect Of natural pre-slide slope in degrees dip and 
azimuth in degrees magnetic. 
\ 
Vegetation at location of primary depletion scar. Circle 
appropriate descriptor, the definitions are given below and taken 
from 
The Vegetation of Hong Kong by L. B. Thrower published in 
the Proceedings of a weekend symposium of the Royal Asiatic 
Society 1970 entitled The Vegetation of Hong Kong, Its 
structure and change. 
Grassland land covered with grass and low scrub generally 
under 1 ft. (0.3m) in height. 
Scrubland land with a fairly continuous cover of shrubs and 
bushes from 1 ft. (0.3m) to 8 ft. (2.4m). 
Woodland land with continuous cover of shrubs or trees 
over 8 ft. (2.4m). ~ 
Headscarp and Scarpfloor angle/aspect are to describe the surface 
of rupture. The headscarp is taken as the steepest dipping and 
the scarp floor as the most shallow dipping part of the surface. 
Volume Displaced Mass Estimate the volume of the displaced mass 
on the basis of selection of an appropriate depth (Dr), width 
(Wr), and length (Lr). 
Materials Exposed in Scar General interpretive description of 
origin of materials exposed in scar, effectively in the soil 
profile, at this location. Colluvium； Residual soil; 
Weathered/Fresh Rock; Other 
Materials in Displaced Mass Estimation of which of the above 
materials are involved in the failure and any unique to the 
displaced mass. Colluvium； Residual soil； Weathered/Fresh Rock; 
Other. 
Exposed Soil Thickness Thickness of soil exposed at the site. 
If this significantly less than the estimated total thickness at 
the site this should be added as a note. Soil is defined as all 
material above partially weathered rock 30/50 and includes 
colluvium. 
Sample No If taken 
Topsoil thickness This may indicate age of soil. Make notes on 
degree of development. Defined as dark coloured with organic . 
inclusions and roots. 
Materials Descriptions Description of the exposed materials as 
in Geoguide 3. The detailed description of clasts can be used-
for colluvial clasts or decomposed rock corestones. If necessary 
descriptions can be continued on back of sheet. 
Groundwater Notes on any evidence of significant ground water 
flow at the site. If seepage is present mention last rain. 
Piping includes tunnel erosion and small interconnected voids 
that may give part of the soil a porous nature. “ 
Failure Plane /Planes of weakness Give the dip angle and 
direction of any basal or transverse pre existing weak planes 
� 
exposed in the scar. eg prominent joints or dyke in residual 
soil, material or .weathering boundary. 
Debris mobilisation Estimate the proportion of the displaced 
mass removed from the area present above the plane of rupture. 
Debris Trail All observations in this section refer to the area 
l o c a t e d d o w n slope from the surface of rupture (see lAEG 
Commission on Landslides 1990) • 
Debris Description Material description(s) as in Geoguide 3. 
Sample No if taken. 
Slope Angle and distance define a length of slope with a unique 
slope angle. The trail should be divided into as many sections 
as necessary on the basis of slope angle. “ 
Width of the trail in that section. 
Vegetation along the trail in that section. 
Substrate General interpretive description of nature of 
materials that underlay the trail. eg Colluvium； Residual soil; 
Weathered/Fresh Rock； Other 
Deposition % of displaced mass and/or volume. 
Thickness of deposit； give range if necessary. 
Type of deposit; Provisional classification is：-
1/ Translocated Debris. Blocks of soil with original soil 
structure within a block. Possibly limited fluidisation 
around edges of blocks and in areas of high water content. 
Very uneven hummocky deposit. 
2/ Fluidised debris. Debris has a homogenous matrix and 
deposit is of a relatively uniform thickness on any given 
slope angle. It has a relatively flat top surface. 
Aligned vegetation is present within and at the edges of 
the trail. . 
3/ Outwash. Debris is mainly traces of sand, gravel and 
cobbles deposited at slope irregularities within a trail of 
aligned vegetation, fines have been washed out. 
Erosion Volume Estimate of erosion of the substrate in m3 
Drainage line order 
P{lane) - planar slope 
H(ollow) - concavity with no stream bed 
1 - first order stream (no tributaries) 
2 - second order stream (only first order 
streams as tributaries) 
V 
Evidence of Water Flow Post event water eroded gullies in 
debris, or substrate.“Clean aligned vegetation within the trail. 
Terminal Deposit Estimate volume of any significant deposit of 
material at distal end of trail; (may not be present) 
Description Describe deposit both as material (Geoguide 3) and 
morphological attributes. 
Landslide Classification Use Varnes 1978 as a basic description. 
A s u p p l e m e n t a r y c l a s s i f i c a t i o n of Hong Kong natural slope 
landslides will be developed as sufficient landslides are 
described. 
1:1,000 Map Sheet No, Grid Ref, Air Photo Numbers Can be filled _ 
in on return from field during preparation of the fair copy field 
record. 
Estimated Age and Evidence Can be based on air photos, local 
knowledge etc. 
Mapped Geology Based on GSHK mapping 
Sketch Maps and Sections should be at two scales one for the 
Depletion Scar and one for the Scar and Trail. The second may 







Hourly rainfall (mm) record at N05 in September 26-27, 1993 (Source: Special 
Projects Division, Geotechnical Engineering Office, Civil Engineering 
Department) 
Special Projects Division 
Geotechnical Engineering Office, C.E.D. 
Date : 2 6 / 0 9 / 9 3 
HOURLY RAINFALL (mm) 
Hour N05 
01 6.0 
02 1 . 5 
03 2 . 5 
04 2 . 0 
05 6 . 0 
06 6.5 
07 3 .5 
08 6.0 
09 . 2 . 0 
10 6.0 
11 1 3 . 5 
12 15.5 . 
13 4 . 0 
14 0 . 5 
.15 1 1 . 0 
】6 1 7 . 0 . 
17 1 3 . 0 
n 3/1.5 
19 2 8 . 5 
20 26.G 
21 5 8 . 0 
22 8 . 5 
23 1 0 . 5 
21 34.0 
"tell 3,16.5 
l e ： :V7/09/93 
I HOURLY RAINFALL (mm) 
卜 r N05 
I 01 3.0 
！ 0 2 0 . 0 . 
03 1 . 5 
04 0 . 0 
05 1.0 
06 3 . 0 
07 6 . 5 





13 0 . 0 • 
n 0.0 
15 0 . 0 
IG 0.0 
17 0 . 0 
18 0.0 
19 0 . 0 
20 0.0 ” 
21 0.0 
22 0.0 、 






Hourly rainfall (mm) record at R23 in September 1993 (Source: 























































































































































































































































































































































































































































































































































































































































































































































































































Hourly rainfall (mm) record at R31 in September 1993 (Source: 
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